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EXECUTIVE SUMMARY

The U.S. Department of Energy is pilot testing soil vapor extraction (SVE) technology at
Operable Unit No. 2 (OU2) at the Rocky Flats Plant. The primary objective of the pilot testing
program is to collect information on the effectiveness and cost of removing residual, free-phase
volatile organic compounds (VOCs) from the subsurface by SVE technology. Data collected
during the study will be used to develop and evaluate feasible remedial alternatives that address
the removal of subsurface VOCs at QU2. SVE pilot test programs will be conducted at the 903
Pad, Mound, and East Trenches Areas of OU2. Each of these test sites represents a different
subsurface environment with respect to hydrogeology and the nature of contamination. An
overview of the SVE pilot test programs is presented in the Subsurface Interim Measures/Interim
Remedial Action (IM/IRA) Plan for the 903 Pad, Mound, and East Trenches Areas at OU2
(EG&G, 1992).

The subject Pilot Test Plan describes the SVE pilot testing program that will be performed at
the East Trenches Area. The Plan has been prepared for SVE testing at Individual Hazardous
Substance Site (IHSS) No. 111.1, an OU2 burial trench. However, Phase II Remedial
Investigation data that became available since the Test Plan was prepared indiqate that IHSS No.
110, an OU2 burial trench located to the west of IHSS No. 111.1, may be better suited for
conducting SVE pilot testing because of the higher levels of VOC contamination detected in
soils. Final selection of the East Trenches Area pilot test site will be based on the results of an
0OU?2 Soil Vapor Survey that will commence in the first quarter of calendar year 1993 (EG&G,
1993). The SVE test procedures and pilot unit performance specifications presented in the Test
Plan are applicable for pilot testing at both trenches. It is, therefore, not critical that the Test
Plan be updated if IHSS No. 110 is selected as the final test location.

The SVE pilot testing program at the East Trenches Area involves the conduct of nine separate
tests. Each of the tests are designed to investigate the performance of the SVE pilot unit

operated in various alluvial and bedrock sandstone configurations. The nine tests are as follows:
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o Test No. 1 - Initial Vapor Treatment System Performance.

d Test No. 2 - Alluvium System Performance.

o Test No. 3 - Sandstone System Performance.

o Test No. 4 - Concurrent Ground-Water Extraction and Sandstone System
Performance.

. Test No. 5 - Concurrent Alluvium and Sandstone System Performance.

. Test No. 6 - Alluvium Passive Air Inlet Performance.

L Test No. 7 - Sandstone Passive Air Inlet Performance.

o Test No. 8 - Alluvium Forced Air Inlet Performance.

. Test No. 9 - Sandstone Forced Air Inlet Performance.

Test No. 4 will examine simultaneous SVE and ground-water depression. This is a novel
strategy to potentially expose any residuai dense nonaqueous phase liquids (DNAPL) that may
be present below the water table to the SVE vapor sweep. The ground water recovered during
dewatering operations will be collected and transported by tank truck to the South Walnut Creek
Basin Surface Water Treatment System (EG&G, 1991) for processing.

Continued operation of the pilot unit for a period of six weeks or longer may be conducted
immediately following the pilot testing phase. The purpose of this "sustained operations” phase
is to collect longer term contaminant removal data. The decision to conduct sustained operations
will be based on the VOC mass recovery rates achieved during conduct of the nine tests noted
above. The Test Plan presents a mass recovery rate of one pound of VOCs per 24 hours of
actual operation as preliminary guidance for determining the benefit of conducting sustained
operations. The data collected during the pilot test and sustained operations project phases will
be evaluated to assess the benefit of returning to the East Trenches Area test site for IM/IRA
operation of the SVE pilot unit. If deemed beneficial, IM/IRA operation will be performed after
completion of the pilot and sustained operations tests at the 903 Pad and Mound Area sites.
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SECTION 1
INTRODUCTION

The U.S. Department of Energy (DOE) has previously prepared an Interim Measures/Interim
Remedial Action (IM/IRA) Plan to investigate the removal of volatile organic compound (VOC)
contamination suspected in the subsurface within an area of the Rocky Flats Plant (RFP)
identified as Operable Unit No. 2 (OU2) (EG&G, 1992). The IM/IRA Plan identified soil vapor
extraction' (SVE) as a potentially applicable technology to be implemented as a Subsurface
IM/IRA at OU2. Further, the IM/IRA Plan identified three locations at which SVE will be pilot
tested. This Test Plan provides guidance for implementation of the pilot-scale SVE at the East
Trenches Area of OU2.

This Pilot Test Plan addresses SVE at a test site adjacent to Individual Hazardous Substance Site
(IHSS) No. 111.1 (Figure 1-1). IHSS No. 111.1 is also known as Trench T-4, and will be
referred to as T-4 throughout this document. This Test Plan provides a performance
specification for design and construction of the SVE pilot system. The Plan also includes
procedures for system operations testing, performance monitoring, and field testing of the pilot
system at T-4. The pilot test procedures presented in this plan have been developed in
accordance with the U.S. Environmental Protection Agency’s (EPA) guidance for conducting
soil vapor extraction treatability studies (EPA, 1991a).

1.1 PROJECT BACKGROUND

A brief summary of the remedial investigation/feasibility study (RI/FS) activities conducted to
date at OU?2 is presented below. A more complete discussion of these activities may be found

in the Subsurface IM/IRA Plan (EG&G, 1992).

A Phase I RI was conducted at OU2 in 1987, and consisted of the preparation of detailed

topographic maps, radiometric and organié vapor screening surveys, surface geophysical

Soil vapor extraction is also known as vacuum-enhanced vapor extraction, in situ volatilization, soil
venting, and in situ soil stripping.
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surveys, a soil gas survey, a boring and well completion program, soil sampling, and surface
and ground-water sampling. Phase I data did not completely define the nature and extent of
contamination for the purpose of conducting a baseline risk assessment and an FS of remedial

alternatives pertaining to contaminated media (Rockwell International, 1987).

Therefore, a Phase II RI (alluvial system) began in October 1991 to further characterize QU2.
The Phase II RI includes the advancement of soil borings into waste sources to characterize any
waste materials remaining in place, installation of ground-water monitor wells adjacent to some
of the boreholes to characterize ground-water quality directly beneath the suspected waste source
sites, and installation of additional alluvial monitoring wells to further characterize and monitor

ground-water flow and quality in alluvial materials at OU2.

In recent years, DOE has prepared several IM/IRA Plans to address ground water, surface
water, and subsurface soil contamination at OU2. A draft of the first such plan was prepared
by DOE in 1989 to address contaminated QU2 groundwater (Rockwell International, 1989). The
plan was prepared based on limited knowledge of the nature and extent of ground-water
contamination at OU2. Regulatory agency review of the document determined that, although
an IM/IRA for ground water is required by the Inter-Agency Agreement (EG&G, 1991d),
insufficient information existed on the nature and extent of ground-water contamination to pursue
effective ground-water remediation at that time. Therefore, pursuit of an IM/IRA for

remediation of QU2 ground water was deferred until Phase II RI data were collected.

In March 1991, DOE submitted an IM/IRA Plan addressing contaminated surface water within
the South Walnut Creek drainage basin (EG&G, 1991a). The Plan proposed that contaminated
surface water be collected and treated by chemical precipitation and microfiltration for removal
of radionuclides and metals, followed by treatment by granular activated carbon (GAC)
adsorption for removal of VOCs. Installation of the Surface Wéter IM/IRA was completed on
24 April 1992, and system startup occurred on 27 April 1992. Pilot testing of the South Walnut
Creek IM/IRA treatment system is scheduled to continue through the Summer of 1993.
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DOE submitted a second Surface Water IM/IRA Plan for OU2 in October 1991 (EG&G, 1991b).
This Plan considered several alternatives for the collection and treatment of contaminated surface

seepage within the Woman Creek Basin. The Plan also presented a detailed evaluation of the

. impacts to human health and the environment associated with the contaminated seepage, the

results of which indicated that no immediate threat to public health or the environment existed.
Thus, the IM/IRA Plan presented the No Action Alternative as the preferred alternative.
Meetings between DOE, EPA, and the Colorado Department of Health (CDH) were held
subsequent to submission of the IM/IRA Plan to discuss alternative IM/IRAs that could be
conducted at OU2 in lieu of the originally conceived Woman Creek Basin surface water action.
The result of these discussions was an agreement that a better use of resources was to pursue
an IM/IRA that addressed suspected residual, free-phase VOC contamination in the subsurface
at one or more C'U2 areas. It was further agreed that since subsurface VOC contamination at
OU2 does not pose an immediate threat to public health and the environment, the IM/IRA should
primarily be used to gain information that will aid in selection and design of final remedial

actions at QU2.

In September 1992, DOE released a final Subsurface IM/IRA Plan to investigate on a pilot scale,
the removal of VOC contamination from three areas within OU2. Specifically, the Plan involves
pilot testing the SVE technology within or adjacent to suspected VOC source areas in the 903
Pad, Mound, and East Trenches Areas. The locations of the proposed pilot test sites are
illustrated in Figure 1-1. An overview of the pilot study investigations that will be conducted

at each of the proposed test sites is presented below.

903 PAD (IHSS NO. 112):

. SVE coupled with ground-water depression in the alluvium.

o SVE in the upper portion of the claystone bedrock.

MOUND SITE (IHSS NO. 113):

o SVE in the alluvium.
° SVE in the upper portion of the underlying claystone bedrock.
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EAST TRENCHES AREA (IHSS NO. 111.1);

L] SVE in the alluvium.

. SVE coupled with ground-water depression in the sandstone bedrock.

In addition to the investigations listed above, the Subsurface IM/IRA also includes examination
of passive and active air injection at those sites where enhancement to the VOC mass recovery

rate would be expected.

It should be noted that in addition to IHSS Nos. 112, 113, and 111.1, there are other candidate
soil vapor extraction test sites located within OU2. Examples include IHSS Nos. 109 and 110.
THSS No. 109 is a burial trench located approximately 300 feet south of the 903 Pad. IHSS No.
110 is a burial trench in the East Trenches Area. One or more alternative locations may be
substituted for IHSS Nos. 112, 113, and 111.1 if OU2 Phase II RI and soil vapor survey data
(EG&G, 1993) suggest that the alternative sites would better serve the Pilot Test Program.

1.2 OBSERVATIONAL/STREAMLINED APPROACH

Due to the uncertainties associated with the expected hydrogeology and nature and extent of
contamination within the OU2 subsurface, DOE has incorporated EPA Observational/Streamlined
Approach guidance in the planning of the Subsurface IM/IRA. The Observational/Streamlined
Approach provides a means of building the required degree of flexibility into the planning and
implementation of an environmental restoration project to overcome potential deviations in
expected site conditions, and to better ensure project success. These goals are achieved by
planning for reasonably conceivable deviations in expected site conditions and using new site
data as they become available throughout the course of the project to modify the IM/IRA as
appropriate. The use of this approach should also streamline the IM/IRA, and ultimately reduce

the cost and time required for implementation.

The SVE system performance specifications and pilot test procedures presented in this Test Plan
have been developed to offer as much flexibility in design and implementation of the IM/IRA

as possible. Specifications for the vacuum extraction unit, for example, have been prepared to
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accommodate a wide range in soil permeability from test site to test site. Similarly, rather than
specifying the exact depths and screened intervals for the extraction and injection vents, the Test
Plan provides guidance for field sizing based on the actual geology of the soil boring. It should
be noted, however, that it is not possible to offer complete design and implementation flexibility
due to time constraints and resource limitations. Major modifications to the original design can

have significant adverse impacts to the project schedule and budget.

Additional information on the EPA Observational/Streamlined Approach and its application to
the Subsurface IM/IRA is presented in EPA Office of Solid Waste and Emergency Response
Directive No. 9355.3-06 (EPA, 1989b) and the Subsurface IM/IRA Plan (EG&G, 1992).

1.3 PILOT STUDY OBJECTIVES

The SVE pilot study described herein has several objectives. Foremost, the pilot study will be
used to assess the potential for SVE to remove VOC contamination suspected in the subsurface
in the East Trenches Area. If SVE is determined to be a viable remedial technology, the pilot
study will provide information to support evaluation of SVE as a remedial action alternative for
subsurface contamination at the East Trenches. This information will be incorporated into the
Corrective Measures Study/Feasibility Study (CMS/FS) for OU2. In addition to gathering
technical information about the SVE technology, it is also an objective to minimize potential
adverse environmental impacts during the study. To this effect, numerous control features have

been included in the system design (see Section 6).
1.4 MODIFICATIONS TO THE SUBSURFACE IM/IRA PLAN

The pilot test program presented in this document for examining the performance of SVE
technology at the East Trenches Area reflects several modifications to the conceptual program
presented in the Subsurface IM/IRA Plan (EG&G, 1992). Per Observational/Streamlined
Approach methodology, these modifications were made based on new information regarding the
proposed test site that became available since publication of the final Subsurface IM/IRA Plan.
Enhancements were also made to the proposed system design as work progressed. The

significant modifications are noted below, along with the rationale behind the changes. It is
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important to note that additional modifications to those listed below may be incorporated into
future drafts of the Test Plan as new data become available. This Subsection of the Test Plan

is reserved to inform the reader of all significant changes.

This Test Plan specifies that the vapor treatment process (i.e., HEPA filters, GAC units, etc.)
is to operate at less than atmospheric pressure as opposed to the positive pressure scenario
presented in the IM/IRA Plan. Negative pressures are achieved by placing the extraction
blower(s) towards the end of the treatment train. Such a configuration has the advantage of
preventing contaminated vapor leaks prior to HEPA filtration and GAC adsorption treatment.
Instead, if a breach (i.e., crack) in the process piping occurs, the negative pressure will cause
atmospheric air to be "pulled” into the treatment train. The Test Plan also specifies a dual

blower configuration (rather than a single blower) for increased operating efficiency.

The Pilot Test Plan 'presents an expected ground-water recovery rate at the East Trenches Area
test site (i.e., IHSS No. 111.1) of S gpm in contrast to a 1 gpm extraction rate discussed in the
Subsurface IM/IRA Plan. This upward revision is based on pump test data for the East
Trenches Area that became available after the IM/IRA Plan was finalized.

The Pilot Test Plan specifies that the process gas stream is to be sampled at the exhaust stack
to verify the absence of radioactive species as opposed to just downstream of the inline HEPA
filters. This modification has two primary advantages. First, the vapors at the exhaust stack
(i.e., downstream of the GAC adsorption units) will be free of VOCs. This configuration thus
represents an advantage from a health and safety standpoint. Operators will not be exposed to
fugitive VOCs when removing sample filters for subsequent measurement of radioactivity.
Second, sampling at the exhaust stack requires a lower duty pump since the stream is at

essentially atmospheric pressure rather than at negative pressure.

The SVE Test Plan includes pilot tests involving passive and active air injection. The active air
injection specified in the Test Plan involves air that is heated by virtue of the energy imparted
by the injection blower. In contrast, the Subsurface IM/IRA Plan proposes the testing of active
air injection only, and that separate tests would be conducted to examine injection of air at

ambient temperature and air heated by an indirect-fired heater. Modification of the strategy
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proposed in the Subsurface IM/IRA Plan was based on the following rationale. The heat
imparted to the air stream by the blower eliminates the necessity for a heater. In addition,
cooling the air stream leaving the blower to achieve an ambient temperature defeats the goal of

enhancing volatilization.
1.5 TEST PLAN ORGANIZATION

This Subsection outlines the organization of the Test Plan. Section 2 of this report provides a
characterization of the East Trenches Area, which includes descriptions of site background,
geology, and hydrogeology. Subsection 2.1 has largely been derived from the IM/IRA Plan.
In addition, an overview of the SVE technology and its applicability to suspected subsurface

contamination at T-4 is presented in Section 2.

Section 3 describes the general design considerations which need to be addressed in
implementing the SVE technology at a generic location. These design considerations are then
applied to develop the design basis for the pilot SVE system at T-4. Should the pilot SVE
system be implemented at a location other than T-4, the general design considerations presented

in Section 3 will need to be reevaluated.

Section 4 outlines the construction specifications and performance requirements for the pilot SVE
system vapor extraction vents, air injection vents, ground-water extraction wells, pressure
monitoring probes, and vapor manifolds. Sampling and analysis activities to be implemented

during system installation are described.

Section 5 summarizes the T-4 site preparations which will be performed prior to system
installation, such as access road and ground-water storage tank constructions. Equipment

connection procedures to be performed subsequent to system installation are also presented.

Section 6 describes the construction specifications and performance requirements for the mobile
pilot-scale vapor extraction unit. The vapor extraction unit consists of the major system

equipment, which include the positive displacement blowers, a demister, the high-efficiency
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particulate air (HEPA) filters, and the vapor treatment system. In addition, system monitoring

and instrumentation requirements are outlined.

.Section 7 summarizes the pilot system tests to be conducted. A series of nine pilot tests are

presented, whose results will be used to determine the system’s optimal operating configuration.
Subsequent sustained operations to be performed are presented. A post-pilot operations sampling
and analysis program is also described. Data collection procedures to be followed during the

pilot operations are presented.

Section 8 outlines the data reporting and evaluation requirements for the pilot tests and the
sustained operations. The various data tables and figures to be prepared are indicated.
Procedures for dztermining the optimal system operating configuration and individual strata

permeabilities to air flow are described.

Section 9 provides the schedule for conduct of the Subsurface IM/IRA pilot study at the East

Trenches Area test site.

Appendix A presents several engineering drawings that detail the design of the pilot-scale vapor
extraction unit. The drawings address extraction/injection well and vapor treatment system
construction. Appendix B is reserved for future use. Appendix C presents the soil boring logs
that were used to create the hydrogeological concept models for the pilot test sites. Appendix
D presents the quality assurance procedures that will be followed during conduct of the soil
vapor extraction pilot test program. Appendix E includes the engineering calculations that '
provide the basis for the design of the vapor extraction pilot unit. Appendix F provides a list
of RFP Standard Operating Procedures (SOPs) that are applicable to the Subsurface IM/IRA

Pilot Test Program. The SOPs include procedures for sampling, well construction, and

decontamination.
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SECTION 2
PILOT STUDY SCOPE

2.1 EAST TRENCHES AREA CHARACTERIZATION

2.1.1 Introduction

Expected conditions in the East Trenches Area described in this Section, with respect to
hydrogeology and contaminant distribution, are based on Phase I and Phase II RI data coupled
with historical contaminant release information. The developmént of an area-wide and site-
specific hydrogeologic and contaminant distribution model is a continuing process in which new

data from the Phase II Alluvial RI is incorporated as it becomes available.

This evolution is evident by the subtle differences in the test site conceptual model presented in
the Subsurface IM/IRA Plan (EG&G, 1992) as compared with that presented in this Section. The
model presented in the IM/IRA Plan was based primarily on Phase I RI data which did not
include any exploratory soil borings or sampling within the actual IHSSs. Therefore, the IM/IRA
Plan presented expected site conditions extrapolated from data collected near the proposed test
site. During the preparation of the Test Plan, it was possible to review field data collected as
part of the Phase II RI which included investigative efforts within the actual IHSSs and the
proposed test site (IHSS 111.1). This permitted refinement of the conceptual model which now
reflects the actual hydrogeologic and contaminant distribution conditions at the proposed test site.

Based on Phase II RI chemical data, THSS 110 (Trench T-3, Figure 1-1) is considered a possible
alternate ‘SVE test location. A soil sample collected from this IHSS contained over 10,000 mg/kg
of perchloroethylene. It is important to note that evaluation of additional data will be conducted
as they become available with respect to finalizing the test site location (within IHSS 111.1 or
at an alternate site). This includes the results of a soil vapor survey (EG&G, 1993) to be
conducted at OU2 during the first half of 1993.
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2.1.2 Historical Contaminant Release Information

A review of literature revealed little specific information about the historical use of any one
disposal trench in the East Trenches Area. The available information described waste disposal
practices at the East Trenches Area as a whole. To summarize, the burial trenches in this area
were used between 1954 and 1968 for the disposal of sanitary sewer sludge contaminated with
uranium and plutonium and approximately 300 flattened empty drums contaminated with uranium
(Iliseley, 1983). Based on a magnetometer survey, the proposed test site (T-4) is not expected
to contain flattened drums. Although the radiation content of the sewage sludge disposed of in
the East Trenches reportedly ranged from 382 picoCuries per gram (pCi/g) to 3,590 pCi/g
(Owen and Steward, 1973), there are no reports of metallic nuclear materials deliberately buried
in T-4. The only other material reportedly buried in T-4 is plutonium- and uranium-contaminated

asphalt planking from the solar evaporation ponds (Illseley, 1983).
2.1.3 Soils and Bedrock
2.1.3.1 Lithology

One exploratory boring (Boring No. 10291) has been advanced through T-4 as part of the OU2
Phase II RI (Figure 2-1). Boring 10291 is located approximately 25 feet east of the western end
of the trench. The geologic log for boring 10291 indicates sandy gravel alluvium to a depth of
18 feet. The alluvium is underlain by silty sandstone to a depth of 34 feet which is underlain by
interbedded sandstone, silty sandstone, sandy siltstone and an occasional layer of claystone
(interbeds are on the order of 5 feet in thickness). This interbedded interval is primarily
sandstone and extends from 34 feet to at least 60 feet, which is the total depth of boring 10291.
Lithologies beyond the total depth of boring 10291 were extrapolated from a deeper boring (No.
B217589) drilled in 1989 approximately 50 feet southeast of boring 10291. The log of this
boring describes the interval between 60 and 160 feet as primarily claystone. An idealized
conceptual geologic model based on the logs of boreholes 10291 and B217589 is presented as
Figure 2-2. Boring logs are presented in Appendix C.
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2.1.3.2 Volatile Organic Contaminants

A review of preliminary soil chemistry data collected during the Phase II RI revealed the
presence of tetrachloroethene (PCE) and trichloroethene (TCE) at 12.0 and 1.0 milligrams per
kilogram (mg/kg), respectively, in a sample collected from 3 feet below ground surface during
the advancement of boring 10291. The concentration of these contaminants decreased rapidly
with depth. Because only one soil boring was advanced through T-4, the absence of high
concentrations of VOCs in soil samples collected from this borehole does not preclude the

presence of high concentrations in other portions of the trench.
2.1.4 Ground Water
2.1.4.1 Hydrogeology

Based on the log of boring 10291 and historical ground-water level data from monitoring
well 3687 (located just north of T-4), unconfined ground water is expected to be encountered
at approximately 35 feet below ground surface in the sandstone. Ground-water flow in the
bedrock is generally towards the east/northeast in the vicinity of T-4. No ground water is
expected to be present in the alluvial materials in the vicinity of T-4 based on historical water
level data from alluvial monitoring well No. 3587 (Figure 2-1). Well 3587, located immediately
adjacent to bedrock monitoring well 3687, has been dry for approximately 4 years. Boring logs
for wells 3587 and 3687 are presented in Appendix C.

2.1.4.2 Volatile Organic Contaminants

Based on the description of historical waste disposal activities at the East Trenches Area
(EG&G, 1992) significant concentrations of VOCs would not be expected at T-4. However,
ground-water samples from a bedrock monitoring well in the vicinity of T-4 (well 3687)
contained elevated concentrations of chlorinated solvents, including TCE, carbon tetrachloride,
chloroform, PCE, and 1,1,1-trichloroethane (TCA). Well 3687 is screened in the sandstone
bedrock and is located approximately 40 feet northwest of the eastern end of T-4.
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During the period November 1987 through August 1991, ground-water samples collected from
bedrock monitoring well 3687 contained TCE at concentrations between 2.5 milligrams per liter
(mg/£)t0221.9 mg/f. An August 1991 ground-water sample contained 68.0 mg/{ of TCE. The
solubility of TCE in water is 1,100 mg/{ at standard temperature and pressure. The high TCE
concentration of 221.9 mg/¢, which represents 20 percent of the TCE solubility limit, may
indicate the presence of residual, free-phase TCE in the soils or bedrock underlying Trench T-4.
The term "residual" refers to non-aqueous contamination remaining in the subsurface (by
capillary force) subsequent to natural soil flushing. In addition, the downward migration of TCE
through the saturated zone may have resulted in isolated pockets of more highly contaminated
soils, or in some instances, dense non-aqueous phase liquid (DNAPL) trapped in structural
depressions on the bedrock surface. DNAPL may also be perched on well cemented zones

within the sandstone beneath T-4.

Other VOCs with historical concentrations at well 3687 greater than 1 mg/¢ include carbon
tetrachloride (1.6 mg/f), chloroform (2.8 mg/¢), and PCE (2.4 mg/f). Methylene chloride and
acetone were also detected at concentrations greater than 1 mg/f, however, methylene chloride
and acetone were also detected in the sample blanks and are accepted as common laboratory
contaminants. Ground-water analytical data for VOCs in ground water from monitoring well

3687 is summarized in Table 2-1.

2.2 IMPLEMENTATION OF SOIL VAPOR EXTRACTION AT EAST TRENCHES
AREA

SVE is a relatively new technology that offers an alternative to the conventional excavation,
treatment, and disposal approach. SVE removes volatile contaminants from the subsurface by
mechanically drawing air through vadose zone strata pore spaces. VOCs, present in the "free
phase" or dissolved in soil pore water will diffuse into soil gas and reach equilibrium
concentrations proportional to the vapor pressure and Henry’s Law constant for the particular
compound. Under static conditions, there is little driving force to change the equilibrium
conditions of the system comprised of VOCs, air, and water. However, the introduction of air
flow within the subsurface profoundly disturbs the equilibrium conditions. The air flow carries
away the gaseous VOCs preventing the development of equilibrium conditions between the free-
Soil Vapor Extraction Pilot Test Plan . FINAL January 1993
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phase and dissolved-phase VOCs and soil gas. This serves to maintain a high driving force to
reach equilibrium in the vapor phase due to the relatively high concentration of solvent. In

addition, contaminant volatilization kinetics are enhanced at lower pressures that are typically

. achieved adjacent to the extraction vent. The extraction vents are connected to a blower system

which draws the contaminant-laden air stream to the surface. The extracted air stream may then

be treated for rernoval of contaminants prior to discharge to the atmosphere.

SVE has been demonstrated as an effective remedial technology for removal of volatile
contaminants from unsaturated zone strata (EPA, 1991b). As a result, SVE has become an
established techrology for remediation of vadose zone strata contaminated with volatile
constituents. The effectiveness of SVE for remediating VOC-contaminated strata is generally
governed by site-specific conditions, such as volatility of the contaminants and permeability of
the contaminated strata.

East Trenches soil characteristics indicate that the suspected residual contamination underlying
T-4 is amenable to treatment by SVE. TCE, PCE, carbon tetrachloride, and chloroform all have
Henry’s law constants greater than 0.01, and thus, all have sufficient volatility to be removed
by SVE (EPA, 1991b; Hutzler et al., 1989).

A major advantage of SVE as a remedial technology for the East Trenches Area is that
remediation of VOC-contaminated strata would be conducted in situ. Remedies that minimize

disturbance of vegetation and soils are preferable to those requiring excavation.

2.3 ANALYTICAL DATA QUALITY OBJECTIVES

Analytical data quality objectives (DQOs) are related to the objectives of the sampling and
analyses program. The primary objective of the sampling and analysis program described in
Sections 4 and 7 is to measure the instantaneous contaminant mass recovery rate of the SVE
system and how the mass recovery rate changes with time and system configuration. Secondary
objectives include measuring the effectiveness of the off-gas treatment equipment,
characterization of the pumped ground-water waste stream, and characterization of soil samples

collected during the drilling for vapor extraction wells.
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Related DQOs associated with tolerances on field measuring equipment (pressure gauges,

temperature indicators, etc.) are described in Section 6.7.

DQOs express quantitative and qualitative statements describing the quality and quantity of data
required for the SVE system operation and testing. Developing DQOs relies on the following

three stage process:

. Stage 1 - Identify decision types
o Stage 2 - Identify data uses/needs
. Stage 3 - Design a data collection program

2.3.1 Identifying Decision Types

The Subsurface IM/IRA Plan (EG&G, 1992) and Section 1 of this document identifies the goals
of the IM/IRA and the critical decisions to be made during implementation of the IM/IRA.
Specifically, analytical data will be used to determine success or failure of the SVE pilot test,
to evaluate the effectiveness of the off-gas treatment system, and to determine whether recovered
ground water meets the influent requirements for the South Walnut Creek water treatment

facility at RFP.

2.3.2 Identifying Data Users/Needs

Data users and needs are comprised of the following specific elements:

. Data uses
o Data types
o Data quality needs

o Data quantity needs

° Analysis options
Soil Vapor Extraction Pilot Test Plan : FINAL January 1993
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o Precision, accuracy, representativeness, completeness and comparability (PARCC)
parameters.

Table 2-2 describes these elements for each type of environmental media.
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SECTION 3
DESIGN BASIS

3.1 INTRODUCTION

The SVE treatability study described in this Pilot Test Plan will determine whether SVE can be
implemented to effectively remove suspected subsurface VOC contamination in vadose and
saturated zone soils at the East Trenches Area of OU2. In addition to the soil VOC
contamination, the presence of free-phase VOCs is suspected in the vadose and saturated zone
beneath the trenches. Although the exact location of the test site has not been finalized, the
western end of T-4 has been arbitrarily selected as the study area. Therefore, the design
information presented in following sections utilizes the western end of T-4 as the test site

(Drawing Nos. 1 and 2, see Appendix A).

This section provides the basis for the pilot SVE system design at the western end of T-4 as well
as detailed information such as soil characteristics and ground-water chemistry data, which form
the basis for the design. Design and equipment specifications are presented in Sections 4

through 6.

It should be noted that the selection of the western end of IHSS No. 111.1 (T-4) is tentative and
completely arbitrary. The actual locations of the SVE vent wells will be selected based on
forthcoming soil vapor survey and Phase II Alluvial RI data. The final test site selection will
be made by EG&G-Rocky Flats, Inc. An arbitrary selection for the location of the pilot test at
THSS No. 111.1 was made to expedite the preparation of the document (i.e., site plan map).
Once the final test site location is determined, the design considerations presented herein will

be revisited to determine if any design modifications are necessary.
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3.2 TRENCH T-4 PILOT SYSTEM DESIGN
3.2.1 Introduction

Evaluation of site history and characteristics is essential prior to designing and operating an SVE
system. Other site conditions such as local geology, hydrogeology, and climate contribute
valuable information when assessing contaminant migration pathways and rates, in addition to

influencing the design and performance SVE systems.

Soil characteristics such as permeability, particle size distribution, and moisture content
determine whether sufficient subsurface air flow can be achieved to allow for contaminant
removal. In addition, subsurface air flow is influenced by the heterogeneous nature of the soil
and the presence of subsurface features. Such features influence air and contaminant movement
pathways, sometimes making it more difficult to optimize extraction vent and pressure
monitoring (PM) probe locations. For example, the trenches being investigated have had
heterogeneous materials placed in them prior to backfill. The backfilled soil is generally loosely
packed and less restrictive to flow, and hence may result in preferential flow pathways or

conduits, while the buried materials in the trenches may provide obstructions to air flow.

SVE can also be used to remove contaminants from vadose zone bedrock. Bedrock
characteristics such as surface slope, fracture properties, and hydraulic conductivity must be
considered when designing a bedrock system. Soluble contaminant migration is greatly
influenced by ground-water movement. Movement of ground water through a bedrock system
is controlled by the orientation and the degree of connection of joint and fracture sets and/or
intergraﬁular porosity (primary and/or secondary). The porosity and fracture system distribution
may be heterogeneous; therefore, the properties of the water-bearing bedrock may vary with
location and depth. In addition, undulations and other small scale topographic features on the
bedrock surface may result in isolated pockets of more highly contaminated soils, perched
ground water, or DNAPL trapped at the alluvial/bedrock interface.

The components of soil venting systems are typically "off-the-shelf” items. However, design

of such a system is site-specific. Design specifications such as the number of vents, vent

Soil Vapor Extraction Pilot Test Plan B FINAL January 1993
Rocky Flats Plant, Golden, Colorado . Page 3-2
cg&g\ss-irap\ctrench\2final\sec-3 . jan



spacing, vent location, vent construction, and vapor treatment are often determined by a
combination of design formulas, practical experience, and best engineering judgement. The
vapor extraction unit (the blower and associated equipment that provides the necessary pressure

differential) is shown in Drawing No. 11.

3.2.2 Expected Conditions at Trench T-4

A discussion of expected hydrogeologic and contaminant characteristics was presented in
Subsection 2.1, and a more thorough discussion was presented in the Subsurface IM/IRA Plan
(EG&G, 1992). The following discussion summarizes the site characteristics with respect to

subsurface and above-ground SVE system design criteria.

The VOCs expecteq to be present at T-4 include TCE, PCE, TCA, chloroform and carbon
tetrachloride. However, based on inferences made about nearby ground-water chemistry, only
TCE is expected to occur as a free-phase solvent and, therefore, will be the primary target
contaminant for the SVE. The location or actual presence of free-phase VOCs is not known and

may or may not be encountered by the pilot system.

The hydrogeology of the test site is expected to consist of unsaturated, unconsolidated, sandy
gravel alluvium from the surface to a depth of 18 feet. The alluvium is underlain by silty
sandstone to a depth of 34 feet which is underlain by interbedded sandstone, silty sandstone,
sandy siltstone and an occasional layer of claystone (interbeds are on the order of 5 feet in
thickness). This interbedded interval is primarily sandstone and extends from 34 feet to at least
60 feet with ground water present at approximately 35 feet. Below 60 feet, claystone is

expected to be present.

There are technical difficulties associated with the design and implementation of an SVE system
in this area due to the paucity of quantitative data on soil and bedrock conditions at T-4.
Although not anticipated, subsurface features such as buried drums may be present in T-4, and,
if present, would be expected to influence air flow pathways. In addition, the backfilled soil
used to cover T-4 is expected to be loosely packed and hence more permeable and less restrictive

to flow than surrounding undisturbed soils. Therefore, subsurface air flow pathways may be
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difficult to predict and control. In addition, since little analytical data currently exist on VOC
concentrations in the soil at T-4, it is undetermined if sufficient quantities exist that would
warrant the utilization of SVE. The results of a proposed soil vapor survey will help to make

this determination.
3.2.3 Extraction Vents

The permeability of the soils, as it relates to the design parameter known as the radius of
influence, affects the number and location of the extraction vents in a multiple extraction vent
SVE system. The radius of influence is defined as the distance from the extraction vent at which
the subsurface pressure equals atmospheric pressure (no longer negative pressure). Typically,
this implies that all soils within this radius of influence will be subject to treatment. Therefore,
to approximate the number of vents necessary to treat a target area using an SVE system, the

radius of influence for a vent should be evaluated.

In determining the positioning of vapor extraction vents, it is desired to maximize vapor flow
through the contaminated zone while minimizing it through other zones. If only one vent is
used, it is usually placed in the center of the contaminated zone. Thus, all air flowing into the
vent will sweep through the contaminated region. When placement of the vent directly into the
contaminated region is not possible, an alternate location is chosen that maximizes air flow

through the effected soils.

The precise location of the extraction vents will be determined based on the results of a soil
vapor survey to be conducted along the perimeter of T-4 (EG&G, 1993). However, for the
purpose of this document, the SVE vents are tentatively proposed to be installed near the west

end of T-4. The western end of T-4 was arbitrarily selected.

Soil boring 10291 (presented in Appendix C), which is the only boring through T-4, describes
alluvium to a depth of 18 feet below ground surface (bgs) with silty sandstones directly beneath
the alluvium to a depth of 60 feet bgs. Although the geology can be expected to vary laterally,
these materials are believed to be generally representative of the geology underiying all of T-4.
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As shown in Drawing Nos. 1 and 2 (presented in Appendix A), the pilot SVE system at T-4 will
consist of two vertical vapor extraction vents installed 20 to 25 feet east of the western end of
T-4. One vent will be constructed in the alluvium, while the other will be constructed in the

. sandstone. In addition, the extraction vents will be placed on the northern side of the trench

since local ground water, which flows to the east/northeast, may have influenced contaminant
migration towards the east/northeast. The extraction vents are placed 5 feet apart from each
other to minimize the influence of one vent on the other when both are in operation. The vents
are placed close to the northern side of the trench (2 to 3 feet) which minimizes the risk of
drilling into the trench, while still maintaining a close proximity to the trench. Because
materials were buried in T-4, and historical records of material type may be incomplete, drilling

through the trench itself will not be attempted.

The screened interval of the extraction vent will extend from approximately 9 to 18 feet in the
alluvium (see Drawing No.3), with an additional 2 feet of screened interval in the sandstone.
The alluvium screened interval was chosen to cause the extraction vent to draw air underneath
the trench, where contamination due to trench leakage would be expected. It is also anticipated
that the vent will draw air from the surface (i.e. non-radially) and sweep through the trench.
The screened interval starts at 9 feet (instead of less than 9 feet) to prevent air from being drawn
directly from the borehole/alluvium interface (also known as short-circuiting). The alluvium
extraction vent will be installed approximately 2 feet into the sandstone underlying the alluvium.
This will allow the vent to extract any free-phase liquid trapped at the alluvium/sandstone

interface.

As shown in Drawing No. 5, the sandstone extraction vent will penetrate into the sandstone to
allow for the collection and recovery of free-phase or perched DNAPL should it be encountered
in the sandstone. The screened interval of the extraction vent will extend from approximately
22 feet bgs to 5 feet below the sandstone/claystone interface. A surface casing will be provided
to prevent the migration of contamination from the alluvium. A submersible ground-water pump
will be installed to lower the water table and expose contamination in the saturated zone. The
vent will be installed approximately 5 feet into the claystone to allow the vent to extract any

free-phase liquid trapped at the sandstone/claystone interface.
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3.2.4 Pressure Monitoring (PM) Probes

The radius of influence of the individual extraction vents is determined by measuring subsurface
negative pressures. PM probes facilitate measurement of subsurface pressure at varying

distances from the extraction vents. PM probes are slotted drive points similar to piezometers.

Multiple PM probes are typically installed at varying distances from the extraction vents (3, 10,
20 feet, etc.) to evaluate the radius of influence. Once subsurface pressure data is collected, a
theoretical estimate of the radius of influence can be obtained using the steady-state radial

pressure distribution equation (Johnson et al., 1990):

In(r/Ry)
Pz(r)=(P}m—P?;)1n—(R:/—$—PW
where:
P(r) = the absolute pressure measured at a distance r from the operating vent
P,rn = absolute ambient pressure
Py = absolute pressure applied at the vapor extraction vent
Ry = radius of the vapor extraction vent
R, = radius of influence of the vapor extraction vent

It should be noted that this equation assumes steady-state radial flow and does not account for

surface leakage.

This equation indicates that just a single PM probe would be required to determine the radius
of influence. In practice, however, steady-state radial flow (and therefore pressure) is often not
achieved. Therefore, multiple pressure monitoring points give a more accurate picture of the
pressure distribution profile. In these instances, a plot of the subsurfz(ce pressure as a function
of distance from the extraction vent can be utilized. Thus PM probes are spaced away from the

extraction vent to facilitate both theoretical and actual data evaluation.
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PM probes will be installed at various distances away from the extraction vents to monitor
subsurface pressure. Their locations are shown on Drawing Nos. 1 and 2, and construction
details are presented on Drawing Nos. 7 and 8. Alluvial PM probes will be located at distances
of §, 15, and 20 feet away from the alluvial extraction vent, while sandstone PM probes will
be located at distances of 5 and 13 feet away from the sandstone extraction vent. In addition,
the forced air injection vents (described in Subsection 3.2.5) will serve as PM probes when not
in operation as air injection vents, resulting in added PM probes located at distances of 10 and
8 feet away from the alluvial and sandstone extraction vents, respectively. These selected
distances will allow for the measurement of subsurface pressure in individual strata as a function
of distance from the respective extraction vent at various air flow rates. Individual strata
subsurface pressure distributions measured during startup tests can then be compared to the
steady-state radial pressure distribution equation presented in Subsection 3.2.2, to determine if
steady-state radial flow was achieved in the alluvium and the sandstone. If steady-state radial
flow is not achieved, the measured pressure distributions can be used to estimate the radius of
influence by evaluating the subsurface pressure as a function of distance from the extraction

vent.

The distances of the PM probes (away from the extraction vent) were selected to provide several
data points for this analysis, and will be valid over a wide range of radius of influences (10 feet
to 40 feet). The specific distances were selected based on best engineering judgement. To
minimize the volume of cuttings generated during installation, only two sandstone PM probes
are to be installed. A sandstone PM probe was not installed at 20 feet. It is reasonable to not
install this PM probe because of the expected lower air permeability in the sandstone.

Another ‘factor considered when selecting PM probe locations included the preference for
enhanced air flow control. PM probes may be used as passive ambient air inlets. Passive air
inlets may allow for improved air flow rates and improved flow control which can result in more
efficient contaminant removal. For instance, the use of PM probes on the southern side of T-4
as ambient air inlet vents will allow for increased air flow through and under T-4 toward the
extraction vents. The use of PM probes as ambient air inlets will be evaluated by utilizing the

forced air injection vents as passive air inlets during pilot testing; the pilot tests will also permit
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a direct comparison between the effectiveness of passive and forced air inlets and their impact

on SVE system performance.

During air injection periods, surrounding PM probes will monitor subsurface pressure to confirm
that the injected air is being withdrawn at the extraction vent. Specifically, the subsurface
pressure at PM probes adjacent to the air injection vents will be monitored and maintained at
or below atmospheric pressure during air injection periods, thereby ensuring that contaminants
are not forced away from and out of the radius of influence of the respective extraction vent.
Therefore, a PM probe will be located at a distance of 5 feet from the air injection vent, in a

straight line away from the extraction vent.

The depth of the slotted section of the alluvium PM probes will be approximately 2 feet above
the alluvium/sandstone interface, and the length will be 3 feet. The slotted section is positioned
to correspond to thé bottom portion of the extraction vent because there is a better chance for
radial flow the further away it is from ground surface. Three feet of slotted section is specified
to provide a large open interval if the probes are used for passive air inlet. Sandstone PM
probes are slotted corresponding to the entire length of the sandstone extraction vent because

radial flow can be reasonably expected at the depths involved.

3.2.5 Air Injection Vents

An SVE system can include vents that allow air to be injected into the soil. An air injection
vent utilizes a blower to force heated or ambient temperature air into the soil. It is anticipated
that forced air injection vents may improve subsurface air flow and VOC removal rates.
Specifically, the injection of air will result in increased pressure gradients towards the extraction
vents, thereby inducing greater flow rates to the extraction vents. Forced air injection vents
must be located at a close enough distance from the extraction vent so as not to force
contaminated vapors away from the extraction vents. In addition, forced air injection rates must
be conservatively chosen to ensure that contaminated vapors are not driven away from the

extraction vents.
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The pilot SVE system will include one forced air injection vent for the alluvium and one for the
sandstone. The construction details of the air injection vents are presented on Drawing Nos. 4
and 6. The forced air injection vents will be located on the southern side of T-4, opposite to
their respective extraction vents, to create preferential air flow pathways which sweep beneath

the trench toward the extraction vents.

The depth and slotting requirements of the alluvium air injection vent were chosen to maximize
the volume of soil affected by air injection. The slotting requirements match those of the
alluvium extraction vent such that all alluvium soils between the injection and extraction vents
can be treated. The sandstone injection vent depth and slotted interval were chosen on the same
basis. As discussed in the Subsurface IM/IRA Plan (EG&G, 1992), the sandstone injection vent
is equipped with a submersible ground-water pump to lower the water table while providing a

pathway for air to sweep through the previously saturated sandstone.
3.2.6 Blower

The sizing of the blower for an SVE system is performed after determining the number of
extraction vents and their associated screened intervals. The required vapor flow rate can be

determined using the formula (Johnson et al., 1990):

=anPW [1-P,pd P

M In(R./R)

where:

Q = flow rate

k = soil permeability factor

I = air viscosity

Py, = absolute pressure applied at the vapor extraction vent

P,y = absolute ambient pressure

Ry = radius of the vapor extraction vent

R, = radius of influence of the vapor extraction vent

H = X screened intervals for all vents
Soil Vapor Extraction Pilot Test Plan B FINAL January 1993
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This equation is derived from the steady-state radial flow solution for compressible flow. By
knowing or estimating the soil permeability and the radius of influence, the vapor flowrate can

be estimated thus providing an estimate for proper blower size. In the absence of air

. permeability and radius of influence data, a reasonable range of values and practical experience

with SVE systems can be used to estimate the required air flow.

The blower specified for this study was designed to have sufficient capacity to accommodate all
three proposed tests as presented in the Subsurface IM/IRA Plan (EG&G, 1992). It is expected
that the alluvium vents will provide the most air flow of all the formations to be tested in QU2.
As shown in the IM/IRA Plan, the 903 Pad SVE system is expected to have approximately 35
feet of screened interval in the alluvium. To determine the flow rate per unit length (Q/H), a
range of radius of influences (20 to 40 feet), air permeabilities (10 to 50 darcies), and pressures
(1 to 3 inches of mercury [Hg]) were used. These input parameters were chosen based on past
experience with SVE systems and site-specific knowledge. These calculations determined that
a range of Q/H of 10 to 25 standard cubic feet per minute per treatment foot (scfm/ft) could be
possible. Fifteen scfm/ft was used to accommodate a blower that could be trailer-mounted, and
to utilize a reasonable portable power suﬁply. Therefore, the air flow rate of the blower will
be approximately 600 cfm (35 treatment feet * 15 scfm/ft and adjusted to account for 3 inches

Hg). These calculations are presented in more detail in Appendix E.

Furthermore, a negative pressure of 17 inches Hg was chosen as the pressure differential that
should be achievable by the blower to achieve 14 inches Hg pressure differential at the extraction
wells. The rationale and calculations for the blower sizing are presented in more detail in '

Appendix E.

The blower configuration for the pilot test is shown in Drawing No. 11. As seen on this
drawing, a two-stage blower will be utilized. A two-stage blower configuration is specified for
several reasons. First it allows positive displacement blowers to be used to achieve the head
pressures that might be required in tight formations to achieve air flows. Positive displacement
blowers are preferred for many SVE applications because the air flow rate does not vary
significantly over the blower’s operating range. Second, the power requirements of a dual-stage

blower configuration are less than for a single-blower system. Because each blower in a dual
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blower configuration handles less than the full pressure load, the blowers operate in a higher
efficiency range. Third, all untreated vapor is handled in the vents, manifold, and vapor
treatment system under negative pressure (less than atmospheric), reducing the risk of potential
uncontrolled leaks or releases. Finally, higher carbon efficiencies are possible by reducing the

relative humidity of the extracted air, since adsorbed water will reduce the carbon capacity.

3.2.7 Vapor Treatment

Pilot SVE systems are generally designed to utilize vapor-phase GAC for vapor treatment.
Activated carbon can be used to treat most vapor streams but is most economically efficient for
low contaminant concentrations when compared to other vapor treatment technologies. GAC
efficiency for a given compound is affected by many factors including temperature, pressure,
relative humidity, and contaminant concentration. Maximum efficiency is achieved under low
temperature, high pressure, low relative humidity, and high concentration conditions.
Unfortunately, it is difficult to control all these competing factors, so operational experience is
required to maximize carbon efficiency while maintaining high contaminant removal rates.
Other potential types of vapor treatment include catalytic oxidation or vapor combustion units,
however, these are best utilized for high vapor VOC concentrations or compounds that are not
readily adsorbed by GAC. |

A vapor phase activated carbon system will be used to remove VOCs from the extracted vapor
stream. The activated carbon system will consist of two carbon bins in a series configuration
between the two system blowers (Drawing No. 11). Each carbon bin will have inlet and outlet
sampling ports to monitor contaminant removal efficiency and provide information when the lead

carbon bin is spent or becomes saturated.

3.2.8 Ground-Water Extraction

-

SVE systems can cause an upwelling of a ground-water table in the vicinity of the vapor
extraction vent. If the depth to ground water is shallow with respect to the vent, ground-water
extraction may be necessary to suppress the ground-water table, thereby preventing water from

being drawn directly into the vent and/or submersing the contaminated zone soils. Elsewhere,
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suppression of the ground-water table may be performed to increase the volume of vadose zone
to be treated by SVE. Ground water can be extracted from the vapor extraction vent simply by
installing a submersible ground-water pump into the vapor extraction vent; however, an air-tight
surface seal must be provided for the ground-water extraction piping, power line, and controls
to prevent unwanted short-circuiting (direct introduction of ambient air into the extraction vent)

of the extraction vent.

The pilot SVE test at T-4 will include ground-water extraction from air extraction and air
injection vents. As shown in Drawing No. 11, one pump will be installed in the sandstone
extraction vent and one in the sandstone injection vent for a total of two recovery pumps. The
purpose of ground-water extraction is to suppress the water table, which is expected to be
encountered at approximately 35 feet bgs in the sandstone bedrock, hence increasing the volume

of vadose zone to be treated by the pilot SVE system.

The design flow basis for recovered ground water is 5 gallons per minute. This value was
derived (as shown in Appendix E) from preliminary pumping test data and an estimated

drawdown in the pilot test well(s) no greater than 25 feet.

The pumping test performed on the "Arapahoe Sandstone" during the Phase II RI (conducted
during the Spring of 1992) achieved 7.5 feet of drawdown at a constant pumping rate of 1.5
gallons per minute (gpm). 'fhis is equivalent to a hydraulic conductivity (K) of approximately
1.0 feet/day. However, it is important to note that the pumping test was conducted at a location
épproximately 200 feet east of the proposed SVE test site (T-4). Five gpm has been identified
as a maximum pumping rate (based on considerations associated with transportation and
treatmenf of the recovered water), and the amount of drawdown created will be controlled by

this specified pumping rate.

Although the pumping schemes illustrated in the Subsurface IM/IRA Plan (EG&G, 1992) show
drawdown to the lower confining claystone, the actual drawdown induced in the vapor extraction
vent will depend on the geology encountered and the actual ground-water extraction rate. The
purpose of inducing drawdown is to expose VOCs retained in the sandstone below the water

table and to subject them to treatment.
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The cones of depression induced by pumping ground water from the sandstone vapor extraction
and air injection vents should overlap resulting in a combined pumping rate of less than two
times the pumping rate required to induce equivalent drawdown in a single well. In addition,
more water will be extracted from the extraction vent than from the injection vent. The negative
pressures within the extraction vent will raise the water table requiring a higher pumping rate
than in the air injection vent in order to maintain similar dynamic water levels (assuming the

geologic conditions and well yields are the same).

Extracted ground water will be collected at the pilot test site and subsequently transported to the
South Walnut Creek Basin Surface Water Treatment Facility (EG&G, 1991a; see Section 5.3).
The South Walnut Creek Basin Facility was selected as the preferred RFP water treatment
facility to process potentially contaminated ground water collected during SVE pilot testing
(EG&G, 1592). The alternative RFP water treatment facilities considered may still be used,
however. The alter;lative facilities include the 881 Hillside Groundwater Treatment Facility and
the Building 231B GAC Adsorption (planned)/Building 374 Evaporation Systems. Use of these
alternative facilities will be based on several factors including actual ground-water flow rates and
contaminant profile obtained during pilot testing as well as the available processing capacity at

each facility.

The rationale for selection of the South Walnut Creek Basin surface water treatment system is
presented in subsection 4.3.2.1 of the Subsurface IM/IRA Plan (EG&G, 1992). Ground-water
flow rate and contaminant profile data will be collected early in the pilot test program to help

guide this decision.
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SECTION 4
VAPOR EXTRACTION VENTS AND GROUND-WATER WELL SPECIFICATIONS

. The objective of the pilot SVE test described herein is to provide information concerning the

removal of residual VOC contamination from soils and bedrock to support FS evaluation of SVE
as a remedial action alternative for subsurface contamination underlying the East Trenches Area.

The pilot SVE system will include the following:

o alluvium extraction vent (1)

° alluvium forced air injection vent (1)

o sandstone extraction vent and ground-water extraction well (1)

o sandstone forced air injection vent and ground-water extraction well (1)

. alluvium PM probes (3)
o sandstone PM probes (2)

PM probes will be installed at various distances from the extraction vents to monitor subsurface
pressure. PM probes will also be used as passive air inlets. Forced air injection vents, when
not in operation, will also be used as PM probes and passive air inlets. Vapor manifold systems
will be installed to connect the vapor extraction vents and forced air injection vents to their

respective aboveground equipment.

The following subsections provide the construction and performance specifications for the
aforementioned vapor extraction vents, forced air injection vents, ground-water extraction wells, '
PM probes, and associated vapor manifolds. The construction specifications presented herein
are empirical in nature. Substitute construction specifications may be employed provided the
operating requirements are met. Operating requirements, where appropriate, are also described.

All referenced design drawings have been included in Appendix A.

It should be noted that the subcontractor providing the services described in this section will
submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approval prior

to purchasing any equipment and/or materials and prior to initiating any construction activities.
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EG&G approval of the submittals required by this Test Plan does not alleviate the subcontractor

from the responsibility of providing a properly functioning pilot test system.
4.1 EXTRACTION VENTS - GENERAL SPECIFICATIONS

The typical extraction vent will consist of 4-inch inner-diameter well screen extended throughout
the length of the treatment interval and centered within the borehole by a sandpack. The
sandpack will allow air and ground water (where specified) to enter the vent, but will prevent
any soil particles from entering the vent. This sandpack extends from the bottom of the borehole
to 1 foot above the well screen section (i.e., the screened interval). The sandpack will be
constructed of a sand with a sufficient nominal grain size so that sand will not enter the well
screen. The lower end of the well screen will be sealed with an air-tight cap. The upper end
of the well screen will be connected to a 4-inch inner-diameter riser pipe which will extend to
a height 1 to 2 feet above ground surface. Directly above the sandpack (in the annulus around
the riser pipe), a 1-foot layer of hydrated bentonite pellets will be emplaced, above which a
cement/bentonite grout seal will be installed and brought to the ground surface. The bentonite
layer will provide an air-tight seal to prevent short-circuiting of the vent (i.e., prevent leakage
of air from the upper zone or from the atmosphere through the annular space and into the well
screen), and will also prevent the overlying grout seal from flowing into the Sandpack. All
joints in the extraction vent will be threaded or chemically welded as required by the material

of construction.

All vapor extraction/injection vents and PM probes installed in bedrock will be isolated from the
alluvium using a surface casing. A borehole, 4 inches larger than the casing diameter (specified
in subsections 4.1 and 4.3) will be advanced 2 feet into bedrock. The oversized borehole will
allow for the surface casing to be grouted in place. Centralizers will be attached to the casing
at 10-foot intervals (minimum of two sets of centralizers). The surface casing will be pressure
grouted in place by raising the casing 2 feet off the bottom of the borehole and pumping grout
down the center of the casing and up through the annular space until it rises to the surface. A
rubber plug will be inserted in the surface casing and forced down to the bottom of the casing
with water pressure (RFP SOP No. GT. 03). The grout will be allowed to cure for 24 hours,

and the water in the casing will be removed before drilling resumes. Subsequent drilling will
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be performed through the surface casing, resulting in a bedrock borehole diameter no larger than

the inner diameter of the surface casing.

Perform the development as soon as practical after well installation, but no sooner than 48 hours
after grouting and pad installation is completed. New vent wells will be developed utilizing low-
energy methods. The equipment of choice for well development is an inertial pump or bottom
discharge/filling bailer. High-energy methods such as submersible pumps, surge blocks,
overpumping, backwashing, and well jetting will not be used due to the possibility of formation

fines clogging the well screen.

All newly installed wells will be checked for the presence of immiscible layers prior to well
development. The method for detecting these layers in monitoring wells is discussed in SOP
GW.1.

Water Level Measurements in Wells and Piezometers. If an immiscible layer of 5 mm or
greater has been detected in a newly installed well, well development procedures will not
continue until the EG&G project manager has been notified. In the case where an immiscible
layer is not identified, a water level measurement will be taken according to SOP GW.1, Water
Level Measurements, and well development activities will continue. The water level
measurement along with the total depth measurement will be used to determine the volume of
water in the well casing. Well casing calculations are presented in Subsection 5.2.1.1 of this
SOP.

Formation water and fines will be evacuated by slowly lowering and raising the inertial pump
or bailef intake throughout the water column. Criteria which indicate a fully developed well
along with additional details of the development procedure are presented in RFP SOP
No. GW.02. The inertial pump may be placed inside a decontaminated 1-inch diameter PVC
pipe if the pump intake cannot be lowered to the bottom of the well. The PVC pipe will prevent
the inertial pump intake from bending pribr to reaching the desired depth. EG&G will
determine whether an inertial pump will be dedicated to a specific well based on verified organic
vapor detector (OVD) readings obtained during the drilling of the well. OVD readings are

described in SOP FO.15, Photoionization Detectors and Flame Ionizing Detectors. If a bailer
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is used for well development, it will be used with a mechanical reel equipped with a stainless
steel cable. Development equipment will be protected from the ground surface with clear plastic
sheeting. Development equipment, including bailers and pumps, will be decontaminated before
well development begins and between well sites according to SOP FO.3, General Equipment
Decontamination. Following well development, a groundwater sample will be taken for
laboratory analysis to identify groundwater sample characteristics (see subsection 7.3.4 for

specific groundwater analytes).

Estimated recharge rates will be measured following the procedures outlined in SOP GW.1,
Water Level Measurements in Wells and Piezometers. Decontamination and development water
will be handled according to SOP FO.7, Handling of Decontamination Water and Wash Water,
and SOP FO.5, Handling of Purge and Development Water, respectively.

Measuring points will be established on the riser pipe of all vents and PM probes. Horizontal
and vertical control will be established on the measuring points to within 1.0 and 0.01 feet,
respectively. Procedures associated with land surveying are described in RFP SOP No. FO.17.

Drawing Nos. 1 and 2 (see Appendix A) indicate the layout of the vents and probes for the
alluvium and sandstone, respectively, in relation to the western end of T-4. The specific
construction requirements for each of the individual extraction vents is discussed below. It
should be noted that the typical air injection vent will be similar in construction to the typical
extraction vent. Forced air injection rates were conservatively chosen not to exceed 50% of the
vapor extraction rates to ensure that contaminated vapors will not be forced away from the
extraction vents. During air injection periods, surrounding PM probes will monitor subsurface

pressure to confirm that the injected air is being withdrawn at the extraction vent.

4.1.1 Alluvial Extraction Vent

Depth - The alluvial extraction vent will be constructed to a depth of 2 feet below sandstone

surface. The screened interval will extend from 9 feet bgs to a depth of 2 feet below sandstone

surface.
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Construction/Performance Requirements - The alluvial extraction vent depth and construction
requirements are illustrated on Drawing No. 3. As shown on Drawing No. 3, the alluvial

extraction vent will be constructed to meet the following requirements:

o Quantity (1) One.
o Orientation Vertical.
. Piping Specifications Well screen: 4-inch inner-diameter, 0.01-inch slot.

Riser pipe: 4-inch inner-diameter.

e  Borehole Diameter 8-inch.
o Screened Interval ~ Top: 9 feet bgs.
Bottom: 2 feet below sandstone bedrock surface.
. Extraction Rate Variable, expected to be 10-15 scfm/ft of screened
interval.
. Operating Pressure ~ 15-inch Hg negative pressure at the vent well head.

4.1.2 Alluvial Forced Air Injection Vent

Depth - The alluvial air injection vent will be constructed to the sandstone bedrock surface.

The screened interval will extend from 9 feet bgs to the sandstone bedrock surface.

Construction/Performance Requirements - The alluvial air injection vent depth and
construction requirements are illustrated on Drawing No. 4. As shown on Drawing No. 4, the

alluvial air injection vent will be constructed to meet the following requirements:

. Quantity (1) One.
o Orientation Vertical.
o Piping Specifications Well screen: 4-inch inner-diameter, 0.01 inch slot.

Riser pipe: 4-inch inner-diameter.

. Borehole Diameter 8-inch.
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J Screened Interval Top: 9 feet bgs.
Bottom: sandstone bedrock surface.

o Injection Rate 10 - 50% of the extraction rate of the alluvial
extraction vent.
o Operating Pressure Maximum: 5 pounds per square inch (psi) at air

injection blower.
4.1.3 Sandston: Extraction Vent

Depth - The sardstone extraction vent will be constructed to a depth of 5 feet below claystone
surface (if encountered), and a minimum of 50 feet bgs or a maximum of 90 feet bgs. Claystone
surface will be defined as the first continuous claystone bedrock interval, as indicated by 5
consecutive feet of claystone, encountered below 50 feet bgs. The screened interval will extend

from 4 feet below sandstone surface to the bottom of the borehole.

Construction/Performance Requirements - The sandstone extraction vent depth and
construction requirements are illustrated on Drawing No. 5. The sandstone extraction vent will
be fitted with a submersible ground-water pump, which will be installed within the well screen
of the extraction vent as shown on Drawing No. 5. Ground-water extraction pump construction
details are outlined in Subsection 4.2. The sandstone extraction vent will also be cased from
ground surface to a depth of 2 feet below sandstone bedrock surface with a steel surface casing.
The casing will szrve to minimize any cross-contamination between the alluvium and sandstone.

In addition, the sandstone extraction vent will be constructed to meet the following requirements:

. Quantity (1) One.
. Orientation Vertical.
. Piping Specifications Well screen: 4-inch inner-diameter, 0.01 inch slot.

Riser pipe: 4-inch inner-diameter.

. Borehole Diameter 8-inch (sandstone).
12-inch (alluvium).
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. Surface Casing 8-inch diameter.
Specifications
. Screened Interval Top: 4 feet below sandstone bedrock surface.

Bottom: 5 feet below claystone bedrock surface,
and a minimum of 50 feet or a maximum of 90 feet

bgs.

. Extraction Rate Variable, typically 1 to 10 scfm/ft of screened
interval.

o Operating Pressure 15-inch Hg negative pressure at the vent well head.

Wells will be developed in accordance with RFP SOP GW.02.

4.1.4 Sandstone Forced Air Injection Vent

Depth - The sandstone air injection vent will be constructed to a depth equal to that of the
sandstone extraction vent. The screened interval will extend from 4 feet below sandstone

bedrock surface to the bottom of the boreholie.

Construction/Performance Requirements -~ The sandstone air injection vent depth and
construction requirements are illustrated on Drawing No. 6. The sandstone air injection vent
will be fitted with a submersible ground-water pump, which will be installed within the well
screen of the air injection vent as shown on Drawing No. 6. Ground-water extraction pump
construction details are outlined in Subsection 4.2. The sandstone air injection vent will also
be cased from ground surface to a depth of 2 feet below sandstone bedrock surface with a steel
surface casing. The casing will serve to minimize any cross-contamination between the alluvium
and sandstone. In addition, the sandstone air injection vent will be constructed to meet the

following requirements:

o Quantity (1) One. i
o Orientation Vertical.
° Piping Specifications Well screen: 4-inch inner-diameter, 0.01-inch slot.

Riser pipe: 4-inch inner-diameter.
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. Borehole Diameter - 8-inch (sandstone).
8-inch (alluvium).

o Surface Casing 8-inch diameter.
Specifications
o Screened Interval Top: 4 feet below sandstone bedrock surface.

Bottom: Total depth of sandstone extraction vent.

o Injection Rate 10 - 50% of the extraction rate of the sandstone
extraction vent.

. Operating Pressure Maximum: 5 psi at air injection blower.

Wells will be developed in accordance with RFP SOP GW.02.

4.2 GROUND-WATER EXTRACTION PUMPS - GENERAL SPECIFICATIONS

Ground-water extraction pumps will be installed within the well screens at the bottom of the
boreholes of the sandstone extraction vent and the sandstone forced air injection vent. Individual
ground-water pumps will be sized to deliver ground water at a constant rate of 1 to 6 gpm from
a depth of 90 feet bgs. The design extraction rate is 2.5 gpm. The electrical and ground-water
conduits will extend from the submersible pump to the top of the borehole, and will exit through
an air-tight seal in the vapor manifold. Configurations shown on Drawing Nos. 5 and 6 are

typical only. Alternative layouts may be proposed (e.g., pitless adapters).

The performance specifications for the ground-water extraction pumps will be the following:

. Quantity Two (2)

o Type Stainless steel submersible

. Flow rate 1 - 6 gpm (pump operating range)

o Diameter 4-inch (rhaximum)
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o Power requirements:
- Horsepower 1/3 HP

o Outlet connections  3/4-inch (minimum)

In addition, ground-water extraction pumps will have the following requirements:

o Pumps will extract ground water from 4-inch diameter wells at a maximum depth
of 90 ft.
. Pumps will be selected for continuous operation at any point of the performance

curve for the specified pump speed.

o Each pump will include a run-time monitor for scheduling maintenance. The run-
time monitor will be panel-mounted and provided by the subcontractor performing
the services outlined in Section 6. Each pump should be equipped with an
electrical connection designed for easy connection to their respective panel-
mounted run-time monitor.

o Each pump will include a separate overload protector (to prevent motor overload
if no fluid is being pumped).

d Each pump will be driven by a motor attached below the pump section.
. Submersible pumps and motors will be designed for continuous operation.
o All pumps, motors, and associated components will be compatible with the VOCs

present in the water. Also, pumps will be designed to prevent any binding or
breakage due to differential thermal expansion rates of the materials of
construction.

o A panel-mounted hand/off/automatic switch shall be provided for each ground-
water extraction pump by the subcontractor performing the services outlined in
Section 6. The automatic mode shall invoke automatic control of the pump to
maintain an approximately constant ground-water level in each well. Level
control will be achieved by automatically setting a flow control valve on the
ground-water effluent line to achieve a constant ground-water level. A low-level
switch will be provided to override control and turn the pump off to prevent it
from "running dry." Each pump should be equipped with an electrical connection
designed for easy connection to their respective panel-mounted hand/off/automatic

switch.
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o The power cord will be of sufficient length to extend 75 feet beyond the top of
the extraction vent casing. Connection of the power cord to the power source is
described in Section 5.

o All electrical components will be suitable for use in a National Electric Code
(NEC) Class 1, Division II environment.

. Each pump motor will be equipped with a separate overload device and thermal
protector (to prevent motor overload if no fluid is being pumped) designed to
meet NEC code for motor controllers.

Upon selection of the ground-water extraction pumps, the following information will be provided

to EG&G-Rocky Flats, Inc. by the subcontractor providing the ground-water extraction pumps:

Pumps

. Rated Capacity

o Dynamic Head

° Static Head

. Total Discharge Head
o Flow Range

. Design Efficiency

. Manufacturer

o Model Number

o Performance Curve
Motors

. Speed

. Horsepower

o Volts/Phase/Frequency

U Diameter

All sizing calculations will be included in this submittal to EG&G.

Final sizing of ground-water extraction pumps will take place after the vents have been
constructed. At that time, an accurate depth to water will be determined as well as the water

yield from the sandstone vents.
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4.3 PRESSURE MONITORING (PM) PROBES - GENERAL SPECIFICATIONS

The PM probes will measure subsurface negative pressures at various distances away from the

. extraction vents, which will be used to assess the radius of influence of each vent. The typical

alluvial pressure monitoring probe will consist of 1- to 2-inch outer-diameter screened drive
point pipe installzd at a depth 2 feet above the total depth of its associated extraction vent. The
screened portion of the drive point pipe is typically | foot in length, however, since the PM
probes may also be employed as passive air inlets, the screened portion of the drive point pipe
will be 3 feet in length to permit adequate air supply. In addition, the alluvial PM probes will
be installed 4 feet above the total depth of the alluvial extraction vents since the alluvial
extraction vents penetrate 2 feet into the sandstone bedrock surface. Specifically, it would not
be desirable to have the alluvial PM probes installed 2 feet above the total depth of the alluvial
extraction vents (i.e., at the alluvium/sandstone interface), since unanticipated perched ground

water, if encountered, would affect their operation.
The typical sandstone pressure monitoring probe will consist of 1- to 2-inch outer-diameter well
screen installed at a depth equal to the total depth of its associated extraction vent. The well

screen will extend for the entire length of the screened interval of its associated extraction vent.

4.3.1 Alluvial PM Probes

Depth and Location - Drawing No. 1 shows the locations of the three PM probes for the
alluvium. All alluvial PM probes will be constructed, installed, and completed to a depth of 2 '
feet above sandsione bedrock surface. As shown in Drawing No. 1, two probes will be placed
on the southern side of T-4 at distances of 15 (APM2) and 20 (APM3) feet from the alluvial
extraction vent. The remaining PM probe (APM1) will be placed on the northern side of T-4

at a distance of 5 feet from the alluvial extraction vent.

Construction/Performance Requirements - The alluvial PM probes depth and construction
requirements are illustrated on Drawing No. 7. As shown on Drawing No. 7, the alluvial PM

probes will be constructed to meet the following requirements:
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o Quantity (3) Three.

o Piping Specifications Screened drive point pipe: 1- to 2-inch outer-
diameter, 0.01-inch slot, 3-foot screened interval.
Riser pipe: 1- to 2-inch outer-diameter.

. Borehole Diameter 4-inch.

When installing the alluvial PM probes, the borehole will be advanced to a depth 5 feet above
the desired completion depth (7 feet above the sandstone bedrock surface). The probe will then
be driven into the soil the remaining 5 feet using the drill rig hydraulics or the split-spoon
hammer. This will allow the drive point and screened section of the PM probe to be situated
in undisturbed soil. If this technique is unsuccessful, the borehole will be advanced to its
completion depth and the screened drive point pipe will be centered within the bottom of the
borehole by a 5-foot-thick sandpack. The sandpack will be constructed of a sand with a
sufficient size number so that sand will not enter the screened drive point pipe. A 1- to 2-inch
outer-diametér riser pipe will be connected to the upper end of the screened drive point pipe and
will be brought to a height 1 foot above ground surface. Directly above the undisturbed soil or
sandpack (in the annulus around the riser pipe), a 1-foot layer of hydrated bentonite pellets will
be emplaced, above which a cement/bentonite grout seal will be installed and brought to the
ground surface. The top of the probe will be covered with an air-tight cap, which will have a

port for attaching a pressure monitoring gauge.

4.3.2 Sandstone PM Probes

Depth and Location - Drawing No. 2 shows the locations of the two PM probes for the
sandstone bedrock. The sandstone bedrock PM probes will be constructed, installed, and
completed to a depth equal to the top of claystone bedrock surface, as determined by the
installation of the sandstone bedrock extraction vent, or total depth of the bedrock extraction vent
if 5 consecutive feet of claystone bedrock is not encountered during sandstone bedrock extraction
vent construction. As shown on Drawing No. 2, one probe will be placed on the southern side
of T-4 at a distance of 5 (SPM2) feet from the sandstone air injection vent, while the other probe
will be placed on the northern side of T-4 at a distance of 5 (SPM1) feet from the sandstone

extraction vent.
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Construction/Performance Requirements - The sandstone PM probes depth and construction
requirements are illustrated on Drawing No. 8. The sandstone PM probes will be cased from
ground surface to a depth of 2 feet below sandstone bedrock surface with a steel casing. The
casing will serve to minimize any cross-contamination between the alluvium and sandstone. As

shown on Drawing No. 8, the sandstone PM probes will be constructed to meet the following

requirements:

. Quantity (2) Two.

o Piping Specifications Well screen: 1-to 2-inch outer-diameter, 0.01-inch
;llios:tér pipe: 1- to 2-inch outer-diameter.

o Borehole Diameter 4-inch (sandstone).
8-inch (alluvium).

o Surface Casing 4-inch diameter.

. Screened Interval Top: 4 feet below sandstone bedrock surface.

Bottom: Top of claystone bedrock surface or total
depth of sandstone extraction vent.

When installing sandstone PM probes, the borehole will be advanced to its completion depth,
and the well screen will be centered within the borehole by a sandpack which will extend to a
height 1 foot above the top of the well screen. The sandpack will be constructed of a sand with
a sufficient nominal grain size so that sand will not enter the well screen. A 1- to 2-inch outer-
diameter riser pipe will be connected to the upper end of the well screen and will be brought to
a height 1-foot above grouhd surface. Directly above the sandpack (in the annulus around the
riser pipe), a 1-foot layer of hydrated bentonite pellets will be emplaced, above which a
cement/bentonite grout seal will be installed and brought to the ground surface. The top of the
probe will be covered with an air-tight cap, which will have a port for attaching a pressure

monitoring gauge.
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4.4 VAPOR MANIFOLDS - GENERAL SPECIFICATIONS

As shown on Drawing No. 9, vapor extraction vents and forced air injection vents will be
connected to individual vapor headers by aboveground systems of 4- to 6-inch manifolds and 90-
degree elbows (Drawing Nos. 3 and 4) or tees (Drawing Nos. 5 and 6). Manifolds from each
extraction/injection vent will be equipped with a 4- to 6-inch-diameter butterfly valve which will
be used to regulate the air flow in each vent. Manifolds from each extraction/injection vent will
also be equipped with a changeable orifice plate to measure air flow rates. In addition, sampling
ports for temperature, pressure, and sample collection will be provided as indicated on Drawing
No. 9. Manifolds from the extraction vents will be sloped (1% slope) back towards the vent to

provide drainage of condensate.

The vapor headers will be constructed for easy connection to the mobile vapor extraction pilot
unit (described in Section 6). The mobile vapor extraction pilot unit will be equipped with a
dilution air line and valve (located immediately upstream of the knockout drum/demister) for the
vapor extraction header to prevent blower motor overload. The dilution air valve can be opened
to allow ambient air into the blower during normal operation or in the event of the motor
overheating, thereby relieving motor overload. In addition, the mobile vapor extraction pilot
unit will be equipped with a bleed air line and valve (located downstream of blower B-3) for the
air injection header. The bleed air valve can be opened during air injection periods to regulate

the flow rate of air supplied.

4.5 PIPING REQUIREMENTS

All materials used for piping, pipe joining and seaming, and associated fittings (e.g., valves,
caps, ports, etc.) described in Section 4 will be chemically resistant to and compatible with TCE,
TCA, carbon tetrachloride, chloroform, PCE, and other VOCs. Piping materials will consist
of polyvinyl chloride (PVC), chlorinated PVC (CPVC), high-density polyethylene (HDPE),
steel, or polypropylene as decided by the subcontractor providing the services described in this
section with EG&G-Rocky Flats, Inc. approval. Double-wall piping will be used for all

groundwater and knockout drum effluent lines.
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4.6 OPERATING TEMPERATURE RANGE (WINTERIZATION)

All non-buried piping and associated fittings outside of the equipment trailer will be winterized
to prevent freezing of extracted moisture during the winter months. Winterization will consist
of insulating jackets and heat tape (if necessary). Thermocouples will be employed to regulate
heat tape elements. All thermocouples and heat tape elements will be protected from the
expected environmental conditions (protection to -20 degrees fahrenheit [°F] minimum)

encountered year round at the RFP.

4.7 USEFUL LIFE REQUIREMENTS

All materials and construction activities outlined in Section 4 will be designed and installed for

a useful life of at least 5 years from date of acceptance.

4.8 DRILLING AND SAMPLING PROCEDURES

4.8.1 Drilling Procedures

Most of the drilling will be performed using a truck-mounted, hollow stem auger drilling rig.
However, drilling for the installation of surface casing may be conducted using a solid stem,
continuous flight, or bucket auger. Prior to drilling with solid stem or bucket auger, a (small
diameter) pilot hole will be advanced to bedrock using a hollow stem auger to facilitate
collection of undisturbed soil samples. Procedures associated with hollow stem auger drilling
and sampling are described in RFP SOP No. GT.02. The borehole diameters specified in
Subsections 4.1 through 4.3 are equivalent to the inner diameter of the hollow stem auger flights
or outer diameter of the solid stem or bucket auger (for the installation of surface casing only).
Drilling and sampling will be conducted with decontaminated equipment. Decontamination
procedures are described in RFP SOP Nos. FO.03, FO.04, FO.06, and FO.12.. Procedures for
the handling of drilling fluids, cuttings, residual samples, and PPE are provided in RFP SOP
Nos. FO.07, FO.08, and FO.09.
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4.8.2 Sampling Procedures

Undisturbed soil samples will be collected continuously during hollow stem auger drilling. The

. samples will be collected using a "California" ring sampler. The entire length of the sampler

will be lined with stainless steel or brass rings. Each ring will be 6 inches in length, 2.5 inches
in outer diameter, and 2.4 inches in inner diameter. The sampler will be driven ahead of the
auger to the desired depth with a standard 140-pound slide hammer falling freely from a height
of 30 inches. The number of blows required to drive the sampler (12 or 18 inches, depending
on the length of the sampler) will be counted and documented. Sampler refusal is defined as
100 blows with less than 6 inches of penetration. The sample will be brought to the surface and
removed by opering the sampler along its length or by using an extruder. The sample rings will
be screened for organic vapors using a portable photoionization detector (PID) or flame
ionization detector (FID) such as an HNu or OVA (RFP SOP No. FO.15). The sample rings
will also be scanned with a portable alpha field detector (RFP SOP No. FO.18). The sample
will be visually inspected for soil type, staining, or other characteristics. Observations will be
recorded in a field logbook and on soil boring logs. Soils will be described according to the
unified soil classification code (RFP SOP No. GT.01). The ends of the metal rings will be
covered with Teflon sheeting, capped with air-tight plastic caps, sealed with tape, labeled, and

stored in an iced cooler.

Only selected soil samples will be analyzed for VOCs and radionuclides. For soil samples
collected during the advancement of soil borings for extraction vents, the three samples that
displayed the highest organic vapor readings will be analyzed for VOCs. If no organic vapors |
are detected during field screening, samples will be collected from 6 feet bgs (assumed total
depth of disposal trench T-4), from the bottom of the borehole and from the midpoint of the
boring. Procedures for containerizing, preserving, handling and shipping water and soil samples '

are presented in RFP SOP No. FO. 13.

For soil samples collected during the advancement of soil borings associated with the installation
of PM probes, the sample displaying the highest organic vapor reading will be analyzed for
VOCs. If no organic vapors are detected during field screening, the sample collected from the

midpoint of the boring will be analyzed for VOCs.
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Radiochemical analyses will be limited to samples collected from borings advanced for vent well
construction only. The intention is to investigate the likelihood of recovering radionuclide-
contaminated soil particles during pilot test operation. As PM probes will be used for air inlet
or injection, there is minimal risk of mobilizing radioactive soil particles at the PM probes

during operation of the system.

For each soil boring, the soil samples collected at 5, 10, and 15 feet will be composited, and
one sample submitted for laboratory radionuclide analyses. The ring sampler will contain at
least two rings per sample interval, therefore, it will be possible to submit one undisturbed ring
for VOC analyses and use the second ring to create the composite sample for radionuclide

analyses. The compositing procedure is described below.

Soils will be extruded from the appropriate sampling rings, placed on clean butcher or kraft
paper, and divided so that no clumps remain. Each comer of the paper will be lifted
alternatively, rolling the soil over on itself and towards the opposite corner. This procedure will
continue until the soil has been rolled onto itself 20 times. The sample aliquot will be collected

by removing the needed amount from at least five different areas of the mixed soil pile.

4.8.3 Analvtical Procedures

Soil samples will be analyzed, as appropriate, for TCL VOCs and radionuclides including gross
alpha and beta; strontium 89, 90; plutonium 239, 240; americium 241; and total uranium
233/234, 235, 238. Analytical procedures will conform to those described in General
Radiochemistry and Routine Analytical Services Protocol (GRRASP) (EG&G, 1990).
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SECTION 5
SITE PREPARATION

5.1 INTRODUCTION

Site preparations will be necessary to facilitate the installation and operation of the pilot SVE
system. The following subsections discuss tasks to be performed such as preparation of site
access, installation of a ground-water storage tank, supply of a portable power source, and

connection of aboveground equipment.

It should be noted that the subcontractor providing the services described in this section will
submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approval prior

to purchasing any equipment and/or materials and prior to initiating any construction activities.
5.2 SITE ACCESS/PREPARATION

Prior to installation and operation of the pilot SVE system, proper site access will be made
available. As shown on Figure 5-1, the gravelv roadway to the northwest of T-4 will be used for

site access.

A temporary site work area will be constructed by gravel covering an approximate 5,000-square-
foot area located at the northwestern corner of T-4 (see Figure 5-1). The gravel cover will be
approximately 6 inches thick (compacted). The aboveground storage tank for the extracted
ground water (see Subsection 5.3) will be installed on the site work area. During SVE
operation, the system equipment trailer and the ground-water tank wagon (when necessary) will
be located on the site work area. The gravel cover for the site work area will provide sufficient

bearing strength to support the anticipated vehicular traffic and the ground-water storage tank.

To minimize disturbance to the surface soils in the East Trenches Area, the work site area will
be leveled by the use of additional gravel to fill in localized low areas. Grading of the surface

soils will not be performed. In addition, dust suppression techniques, such as wetting the
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surface soils, will be employed to satisfy the performance standards included in the Health and
Safety Plan.

53 R WATER STORAGE AND TRANSPORTATION

Ground water will be recovered from the sandstone vapor extraction/air injection vents at a
design rate of 5 gpm. Extracted ground water will be pumped into one or more prefabricated
or frac storage tanks installed at the site work area. A minimum of 10,000 gallons of storage
capacity will be provided (air space capacity). For simplicity, only one ground-water storage
tank is considered in this document (see process and instrumentation diagram [Drawing No.
11]). The storage tank will be designed not to exceed the bearing strength of the gravel cover
and underlying alluvium. The storage tank will be properly supported to maintain tank integrity,
provide structural support to tank bottom and side walls, and prevent differential settlement.
Access to the top of the tank will be provided. The storage tank will be provided with
secondary containment. The secondary containment used will be either a double-wall tank with
interstitial leak detection or a temporary containment structure surrounding the tank. Drip pads
for spill control will be provided for storage tank and tank truck hose connections, and will be
used during tank truck loading. The storage tank and all associated equipment will be
constructed of materials chemically resistant to and compatible with TCE, PCE, carbon
tetrachloride, chloroform, and TCA and other VOCs. The storage tank will be designed to
maintain proper operation at all expected ambient conditions (described in Subsection 6.2.4).
This includes heat tracing to prevent freezing and tie-downs to keep the storage tank in place

during periods of high wind. In addition, the storage tank will include the following:

° inlet port (1)

o discharge port (1)

. access manway (1)

. atmospheric breather vent with attached GAC canister (1)

. level gauge (1)
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o high level alarm with automatic ground-water pump shutoff (see Drawing No. 11
for required process control loop) (1) .

. temperature gauge (1)

Transportation of ground water from the aboveground storage tank to the South Walnut Creek
Water Treatment System will be provided by EG&G-Rocky Flats, Inc. A 5,000-gallon pump
truck will be utilized for this purpose. The capacity of the pump truck is such that the pump
truck will be able to empty the tank on a daily basis (i.e., transport a daily maximum of 7,200
gallons), allowing for an adequate turnaround time during unloading. At the South Walnut
Creck Water Treatment System, the water will be transferred to the system’s equalization tank.
Details concerning the capacity of the South Walnut Creek Treatment System were presented in

the IRAP.
5.4 PORTABLE POWER SOURCE

Because of the remote location of the East Trenches Area, a portable power source will be
required. The equipment run off this pbwer source will include all the equipment on the
equipment trailer (see Section 6), ground-water extraction pumps, and any heating system
required for the ground-water storage tank and the aboveground piping. The portable power

source will meet the following specifications:

° Minimum Power Rating - 125 kilowatts (kW)
o Voltages - 110/230/460

o Phases . - 1 and 3

. Maximum Voltage Drop - 25%

. Fuel - Diesel

. Max. Fuel Consumption Rate - 6 gal/hr

o Min. Fuel Capacity - 48 hrs.

o Cooling System - Radiator

In addition, the portablé power source will be trailer-mounted to allow easy transport throughout
the facility. The portable power source will be designed to withstand expected environmental
conditions as described in Subsection 6.2.4. The location of the portable power source will be
approved by EG&G.
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These specifications are subject to change based on the equipment (blowers, ground-water
pumps, analytical instruments, etc.) selected. The portable power source specifications and
sizing calculations will be submitted to EG&G prior to purchase.

5.5 EQUIPMENT CONNECTIONS

Prior to system operation, all components of the pilot SVE system will be connected. This will

include but will not be limited to the following:

° Connection of vapor extraction header to designated connection on equipment
trailer.

4 Connection of forced air injection header to designated connection on equipment
trailer.

o Connection of ground-water extraction wells and knockdown drum water

. discharge stream to the ground-water storage tank.

. Connection of ground-water extraction wells, equipment trailer, and ground-water
storage tank to the power source.

Following pilot system assembly, the completed pilot system will be checked to verify proper

connection of all associated equipment.
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SECTION 6
MOBILE VAPOR EXTRACTION PILOT UNIT SPECIFICATIONS

6.1 INTRODUCTION

The mobile vapor extraction pilot unit is comprised of two blowers, vapor treatment system, and
associated equipment. The purpose of this unit is to (1) induce a negative pressure to extract
air out of the extraction vents, (2) treat the vapors and air prior to discharge, and (3) provide
measurement of critical performance parameters. In addition, the air injection blower is
considered part of the mobile vapor extraction pilot unit. The mobile vapor extraction pilot unit

includes the following major components:

o Positive Displacement Blowers for Air Extraction and Injection
o Knockout Drum/Demister

o HEPA Filters

. Vapor-Phase GAC Units

. In-line Process Indicators for Pressure, Temperature, Flow Rate, Relative
Humidity, and Radiation

The mobile vapor extraction pilot unit will be trailer-mounted to provide portability among
proposed SVE test locations. It should be noted that the mobile vapor extraction pilot unit was
designed for pilot testing SVE technology at all of the candidate OU2 test sites (i.e., IHSS Nos.
109, 110‘, 111.1, 112, and 113). A general site layout schematic is shown in Figure 6-1.

The following subsections provide the design and performance specifications for the individual
components of the mobile vapor extraction pilot unit. Also included is a discussion of the
process monitoring and control instrumentation. It should be noted that, although specifications
are given for individual equipment, all equipment will be supplied as a single operating unit.
To supplement the information provided here, refer to the process and instrumentation diagrams

(P&ID) provided (see Drawing Nos. 10 and 11 in Appendix A) .
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It should be noted that the subcontractor providing the services described in this section will
submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approiral prior

to purchasing any equipment and/or materials and prior to initiating any construction activities.
6.2 GENERAL SPECIFICATIONS

This subsection details the general specifications that apply to all of the mobile vapor extraction
pilot unit equipment discussed in this section. The system and all equipment components will
be designed, constructed, and installed to comply with all applicable Occupational Safety and
Health Administration (OSHA) requirements as well as state or local building codes or electrical
codes.

6.2.1 Chemical Resistance

The mobile vapor extraction pilot unit, by its purpose, will be designed to withstand chemical
attack from the compounds expected to be encountered during operations. These compounds
are expected to include carbon tetrachloride, PCE, TCE, chloroform, 1,1, 1-trichloroethane, and
other VOCs. Although these compounds are not expected in a pure form, it is remotely possible
that percent levels (> 10,000 parts per millon [ppm]) could be encountered in the extracted
vapors. All equipment on the mobile vapor extraction pilot unit will be resistant to chemical

attack from the expected compounds at percent levels.

6.2.2 Electrical Requirements

A portable power source, described in Section 5, will be used to supply power to all of the
equipment associated with the mobile pilot unit. The power réquirements for the equipment
specified in this section will have an impact on the power supply to be used. . Therefore, the
power requirements of all the equipment from the mobile vapor extraction pilot unit will be
supplied to EG&G-Rocky Flats, Inc. by the subcontractor supplying the mobile vapor extraction

pilot unit. Included for each piece of equipment will be:
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o Voltage
. Amperage
. Phase (e.g., 1 or 3 phase)

o Special requirements - This would include any other information that may
effect the requirements of the power source.

All electrical components and wiring will be suitable for use in a NEC Class I, Division II

environment.
6.2.3 Noise Levels

Noise level specifications are not presented for individual components of the mobile vapor
extraction pilot unit, rather, a specification for the unit as a whole will be followed. The unit
is expected to be operated in relatively remote locations, without nearby residences. However,
the unit will be operated such that the unit will comply with all applicable OSHA requirements
(29 CFR 1910.95) for noise levels (i.e., maintain employee noise exposures at or below an 8-
hour time-weighted average sound level of 85 decibels at a distance of 3 feet from the mobile

vapor extraction pilot unit).

6.2.4 Ambient Operating Conditions

The mobile vapor extraction pilot unit is expected to be utilized for several pilot tests at the -
RFP. To ensure proper operation year-round, all equipment will be properly fitted to withstand

all environmental conditions that could be reasonably expected in the Denver, Colorado area.

This includes the expected low temperatures during the winter months (< 0 °F) and the high

temperatures during the summer months (> 100 °F). Winds in excess of 100 mph can be

expected at the site. All equipment shall be rated for operation at 6,000 feet above mean sea

level (MSL). |
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6.2.5 Deviations from Performance Specifications

If there is a deviation from the performance specifications, the subcontractor supplying the

mobile vapor extraction pilot unit will submit the following information to EG&G-Rocky Flats,

Inc. for approval.

Nature of deviation
Reason for deviation
Impact of deviation on system performance

6.2.6 Design Information

Design information for the mobile vapor extraction pilot unit will be submitted by the

subcontractor to EG&G-Rocky Flats, Inc. for approval. The design submittals will include:
o Manufacturer’s shop drawings for each major process component, including
equipment specifications and materials of construction.

° Detailed record drawings of the mobile vapor extraction pilot unit after
construction is completed.

° Design calculations.
o Operating and maintenance manuals for major components and equipment.
. Operating and maintenance manual for the full system.

Documentation of the mobile vapor extraction pilot unit system operations (SO) testing will
accompany the design package. This documentation will detail the SO testing procedures
utilized as well as the results of the SO testing. Manufacturer-specified SO testing procedures
will be followed when available. Any deviations from required performance specifications will

be noted. Refer to Subsection 6.2.5 for more information regarding deviations.
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It should be noted that SO testing will be performed by the subcontractor supplying the mobile
vapor extraction pilot unit while an EG&G-Rocky Flats, Inc. representative is present.

6.3 BLOWER PERFORMANCE SPECIFICATIONS

6.3.1 Introduction

As shown on Drawing No. 11, the mobile vapor extraction pilot unit will utilize two blowers
(B-1 & B-2) to provide the necessary pressure differential during operations. A dual-blower

configuration was specified for the following reasons:

* The vapor treatment system is operated under negative pressure. This reduces
the chance of a release of untreated vapors. The blowers will be sized such that
a vacuum across the blowers is maintained at all operating vent pressures.

o Higher carbon capacity can be expected. This is due to the decrease in relative
humidity of the air due to the heat input from blower B-1.

. Power requirements are reduced. Because neither blower operates at the high end
of the negative pressure range (15 to 17 inches Hg), they can operate more
efficiently.

. A heat exchanger is not required. If the vapor treatment system is downstream

of the blower (configuration presented in the Subsurface IM/IRA Plan), a heat
exchanger and the associated water cooling system is required to reduce the
airstream temperature to acceptable levels for GAC treatment.

The following subsections -present the performance specifications for each blower.

6.3.2 Blower B-1
The performance specifications for Blower B-1 shall be the following:

o Type - Positive Displacement, Gas-Tight

. Inlet flow rate - 600 actual ft'/min (acfm) @ 25
inches Hg absolute (abs).

January 1993
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4 Pressure - 25 inches Hg abs.
o Max. Blower Speed - 80% of maximum revolutions per
minute (RPM)
. Temperature Rise
Across Blower - 30-50 °F
o Interval Between
Oil Changes - 750 hrs. (minimum)
. Power Requirements:
- Horsepower - 10 brake horsepower (BHP)
- Voltage - 220/440 volts (V), 3 phase, 60 hertz
(Hz)
° Inlet{Outlet Connections - 4-inch (minimum)
o Motor Type - Explosion Proof
. Motor Starter Type - Combination starter (i.e., includes
circuit breaker)
. Drive Mechanism - Belt
o Accessories:

- Vacuum Relief Valve

- High Temperature Shutdown Switch (setpoint as specified by the blower
manufacturer, see Drawing No. 11)

- Inlet/Discharge Silencers (see Subsection 6.2.3)

- Control panel-mounted operational time controller (capable of automatic,
timed operation) and 3 position hand/off/automatic power switch

- Control panel-mounted run-time monitor (used for maintenance
scheduling)

. All electrical components will comply with operation in a National Electrical
Code (NEC) Class I, Division II location (i.e., approved for work in an area in
which explosive conditions exist frequently or in routine operations resulting from
potentially flammable gases or vapors in the air).
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Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more
information regarding deviations from performance specifications. In addition to the above, the
following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor
supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to

equipment purchase:

Manufacturer

Model number

Blower performance curve
Dimensions and weight
Noise level (without muffler)
Materials of construction

6.3.3 Blower B-2

The performance specifications for Blower B-2 shall be the following:

. Inlet flow rate - 500 acfm @ 18 inches Hg abs.!
o Pressure - 18 inches Hg abs.
o Max. Blower Speed - 80% of maximum RPM

o Max. Temperature Rise
Across Blower - : 150 °F

. Interval Between
Oil Changes - 750 hrs. (minimum)

. Power Requirements:
- Horsepower - 20 BHP

- Voltage - 220/440V, 3 phase, 60 Hz

! This flow rate will be dependent on the pressure drop of the GAC units utilized and the
operating temperature. The flow rate will be matched with biower B-1 to ensure that
the GAC units are always operating at negative pressure.
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o Inlet/Outlet Connections -
° Motor Type -
o Motor Starter Type -
o Drive Mechanism -
o Accessories:

- Vacuum Relief Valve

4-inch (minimum)
Explosion Proof
Combination Starter

Belt

- High Temperature Shutdown Switch (setpoint as specified by the blower

manufacturer, see Drawing No. 11)

- Inlet/Discharge Silencers (see Subsection 6.2.3)

- Control panel-mounted operational time controller (capable of automatic,
timed operation) and 3 position hand/off/automatic power switch

- Control panel-mounted run-time monitor (used for maintenance

scheduling)

. All electrical components will comply with operation in a NEC Class I, Division

II environment

Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more

information regarding deviations from performance specifications. In addition to the above, the
following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor

supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to

equipment purchase:

Manufacturer

Model number

Blower performance curve
Dimensions and weight
Noise level (without muffler)
Materials of construction
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6.3.4

Blower B-3

The performance specifications for Blower B-3 (air injection blower) shall be the following:

Type

Qutlet flow rate

Maximum Operating
Pressure

Max. Blower Speed

Temperature Rise
Across Blower

Interval Between
Oil Changes

Power Requirements:

- Horsepower

- Voltage
Inlet/Outlet Connections
Motor Type

Motor Starter Type
Drive Mechanism

Accessories:

- Pressure Relief Valve

Regenerative or Positive
Displacement

200 acfm @ S psi pressure

5 psi
80% of maximum RPM
30-70 °F

750 hrs. (minimum)

7.5 BHP

220/440V, 3 ‘phase, 60 Hz
4-inch (minimum)
Explosion Proof
Combination Starter

Belt

- High Temperature Shutdown Switch (setpoint as specified by the blower
manufacturer, see Drawing No. 11) .

- Inlet/Discharge Silencers (see Subsection 6.2.3)

- Control panel-mounted operational time controller (capable of automatic,
timed operation) and 3 position hand/off/automatic power switch
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- - Control panel-mounted run-time monitor (used for maintenance
scheduling)

o All electrical components will comply with operation in a NEC Class I, Division
IT environment

Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more
information regarding deviations from performance specifications. In addition to the above, the
following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor
supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to

equipment purchase:

Manufacturer

Model number

Blower performance curve
Dimensions and weight
Noise level (without muffler)
Materials of construction

6.4 KNOCKOUT DRUM/DEMISTER

6.4.1 General

As shown in Drawing No. 11, extracted vapor is first passed through a knockout drum/demister
to remove entrained condensate that may be present. The demister is packed with a mesh that
provides a large surface area so that entrained liquid will coalesce into droplets that gravity
separate ‘from the vapor. Water is accumulated in the knockout drum/demister until a certain
high liquid level setpoint is reached. Then the water is automatically pumped (Pump P-1) from
the drum to the ground-water storage tank until the water level falls to the designated low liquid
level setpoint, at which point pump P-1 is shut off. A high-high-liquid level alarm will also be
included (see Subsection 6.8.2). |
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It is anticipated that the liquid(s) collecting in the demister will be inspected for the presence of
DNAPL using an electronic interface probe or equivalent method. If DNAPL is detected, the

demister will be retrofitted with a phase separator.

6.4.2 Design Specifications

The knockout drum/demister will meet the following performance specifications:

o Maximum air flow rate - 650 scfm

. Minimum capacity - 100 gallons

d Minimum removal efficiency - 99 %

o Operating Vacuum - 15 inches Hg

. Applicable Codes - ASME Boiler and Pressure Vessel

Code, Section VIII, Division I
o Max. pressure drop - 8 inches H,0
° Pump P-1:

- Type - Positive Displacement

- Maximum pump rate S gpm

Automatic; batch discharge of
accumulated water

- Controlling mechanism

- Run-time monitor - Control panel-mounted (used for
maintenance scheduling)

It should be noted that pump P-1 must be sized to overcome the hydraulic head resulting from

the knockout drum discharge line junction with the ground-water extraction line.

In addition to the above, the following information will be provided for the knockout

drum/demister and for the pump to EG&G-Rocky Flats, Inc. by the subcontractor supplying the
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mobile vapor extraction pilot unit at the time of equipment selection and prior to equipment

purchase:
o Identification of all components
. Construction material
J Dimensions
. Location and depth of level switches
[ 4

Sizes of piping and valves

6.5 HIGH EFFICIENCY PARTICULATE AIR (HEPA) FILTERS

The vapor exiting the demister is filtered by a HEPA filtration unit. HEPA filters contain fabric
filtration media that is capable of removing particulates as small as 0.3 microns. HEPA
filtration prevents fouling of downstream process equipment and ensures operation within
particulate emission standards. As shown in Drawing No. 11, two HEPA filters are in a parallel
configuration. The parallel configuration allows filters to be changed without shutting down the
system. In addition, if the pressure drop becomes significant due to higher than expected levels

of particulates, both filters can be operated to reduce the pressure drop.

The performance of the HEPA filters must meet Federal Standard 209b for removing
particulates. This standard specifies that particles as small as 0.3 microns will be removed at
an efficiency of 99.7% or greater. The pressure drop (clean) will not exceed 10 inches H,O (at

300 scfm).

6.6 VAPOR TREATMENT SYSTEM

As shown on Drawing No. 11, the vapor treatment system for the mobile vapor extraction pilot
unit will consist of two, vapor-phase GAC units connected in a series configuration. The

following performance specifications will be met for each GAC unit:

. GAC unit capacity - 1,800 pounds (minimum)

° Contaminant removal efficiency - 99% of PCE, TCE, and CCl,
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o Operating vacuum - 12 inches Hg

o Applicable Codes - ASME Boiler and Pressure
Vessel Code, Section VIII,
Division 1.

o Connections - 4-inch (minimum)

o Construction materials - Compatible with VOCs in air

stream and weather resistant.

The GAC units will allow for easy placement on the system trailer by a fork lift. The daily
carbon consumption rate will depend on the volumetric air flow rate and VOC concentrations
encountered during pilot system sustained operations. Initial estimates of GAC usage indicate
that if the VOC concentration for each contaminant is 10 parts per million volume/volume
(ppmv), 30 pounds of GAC will be used per day. At that rate, one GAC unit would need to be
replaced every 60 days. Although the carbon efficiency increases as the inlet VOC
concentrations increase, a conservative estimation indicates that if the inlet VOC concentration
of each contaminant is 100 ppmv, one carbon unit would need to be replaced every 6 days (300
pounds of GAC would be used each day). During the initial stages of the pilot study,
hydrocarbon analysis of the extracted vapor stream will yield a better indication of the actual

GAC consumption rate.

Following vapor-phase GAC treatment, the vapor stream will pass through blower B-2 and be
vented to the atmosphere through an emission stack. The stack will be designed to withstand
wind and weather loads and must also be designed for easy transportation from test site to test

site. The performance specifications for the stack are as follows:

o Orientation - Vertical

° Height - 10 ft. above top of trailer

A Operating temperature - 250-300 °F

. Diameter - 6-inch (maximum)

i Materials of Construction - Weather resistant

o Wind Loading - 100 mph (minimum)
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6.7 EQUIPMENT TRAILER

The equipment trailer selected to house the vapor extraction pilot unit will be designed for use
on public roads. It will conform to all applicable Department of Transportation (DOT)
requirements. The trailer will also be designed with any needed weather protection to withstand
the climate extremes at the test site (i.e., temperature, wind). Trailer tie down points, which
are capable of withstanding 100 miles per hour (mph) winds, must be provided. Trailer design
will include garage-style doors which will allow for fork-lift access for carbon unit changeout.
The trailer will be equipped with adequate ventilation, and will include climate controls (heating
and/or cooling) to maintain temperatures within acceptable limits as required by the equipment
specified in this section. To reduce vibrations, all blowers will be mounted on vibration-

dampening pads.

In addition, the trailer is to include an insulated, climate controlled office area (minimum 8 feet

in length by 8 feet in width) with a separate entrance way.
6.8 MONITORING/INSTRUMENTATION

Details of the monitoring equipment and the control loops are shown on Drawing‘ No. 11. Most
of the monitoring equipment will provide real-time, in-line measurement of system operating
parameters.  Other monitoring procedures, such as real-time hydrocarbon and radiation
monitoring, are explained in more detail. As shown, the system will be equipped with various
automatic shutdowns to terminate operations if equipment is operating outside of acceptable
limits. In this event, a central alarm beacon, located on the top of the trailer, will activate, thus
alerting operators outside of the trailer. In almost all cases, the control loops will cut power
to the blowers (including the air injection blower), thus ceasing operations. Ground-water
extraction will continue unless the level in the ground-water storage tank becomes too high (in
which case the power will be cut to the knockout drum discharge pump [pump P-1]). Any
subsequent liquid accumulation in the knockout drum will continue until the high liquid level

alarm is triggered, at which point all system blowers will be automatically shutdown.
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The following subsections provide more detailed information concerning the monitoring devices,
and the automatic control loops that will be part of the vapor extraction unit. In general, the
instrumentation indicators for readout will be located at the control panel. All instrumentation
devices will have sufficient weather proofing to withstand temperature extremes. All

instrumentation devices must also have a visible, dated calibration sticker.

6.8.1 Radiation Monitoring System Specifications

The pilot unit will include the exhaust gas sampling system shown on Drawing No. 11. The
purpose of the system is to provide field verification that radionuclide-contaminated particulates

are not present in the exhaust gas discharged from the process.

The sampling system will have the capability of continuously withdrawing a portion of the
exhaust gas at a point downstream of blower B-2, and filtering it with a HEPA filter to remove
any particulates that may be present. A pump will be used to meter the flow of exhaust gas
from the stack to one of two sample tubes. Each of the sample tubes will contain a removable
HEPA filter. As Drawing No. 10 indicates, the sample tubes will be configured in parallel with
manual hand valves that allow the flow of gas to be directed to either of the sample tubes. The
gas sampling system will include piping that returns the filtered gas sample to the exhaust stack
and will be supplied with a differential pressure gauge to monitor the pressure drop across either
HEPA filter. All sample piping connections will be sealed to prevent leakage under the pilot
unit operating conditions. Process exhaust operating parameters are estimated as follows: 150 -

250°F, 300 - 600 scfm, and 1 - 5 inches of water.

The sam‘ple tubes will be designed so that the HEPA filter may be easily removed from and re-
inserted into the sample tube without disassembly of the tube. Sample tube design will include
a sufficiently adequate seal so that while in operation, there will be no leakage around the HEPA
filter, i.e., the entire gas sample will pass through the HEPA filter.

In operation the HEPA filters will be removed from the sample tube and measured in the field
for alpha radiation with a benchtop alpha detection unit. The alpha meter is part of the exhaust
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gas sampling and radiation measurement system, and will therefore be provided as part of the
vapor extraction pilot unit. The alpha counting instrument will be microprocessor controlled,
and have the capability to measure the total alpha activity of the following isotopes: plutonium-
239, 240; americium-241; and uranium 234, 235, and 238. Detailed pilot test procedures for
use of the exhaust gas sampling and radiation measurement system specified herein is presented

in Subsection 7.4.6.

Performance specifications for each of the primary elements of the exhaust gas sampling and

alpha radiation measurement system are as follows:

Piping:

° Sample Metering Pump - 0 - 50 liters per minute
Manually controlled, variable duty

0.1 microns (nominal)

) HEPA filter pore size

o Pressure gauge - 0 - 5 inches water (differential)

Alpha Detector and Signal Conditioning Electronics:

o Range - 0 - 500 disintegrations per minute (dpm).

. Digital display - 0 - 500 dpm. '

* Detection efficiency - 20 percent of alpha present (nominal).
6.8.2 Knockout Drum/Demister Condensate Level Indicators

Entrained water from the extracted vapor stream will be collected in the knockout
drum/demister. The collected water will be pumped from the knockout drum to the ground-
water holding tank. The knockout drum will be equipped with a level sensor and indicator for
readout. When a designated high level is reached within the drum, the high liquid level sensor
will activate the water pump. Similarly, when a designated low level is reached, the low liquid
level sensor will automatically shut off the water pump. Additionally, when a designated high
liquid level is reached within the drum, the high liquid level sensor will activate an operational
warning alarm (indicating system shutdown due to high liquid level in the knockout drum),

activate the mobile vapor extraction pilot unit alarm beacon, and automatically shut down the

Soil Vapor Extraction Pilot Test Plan - FINAL January 1993
Rocky Flats Plant, Golden, Colorado . Page 6-17
cp&g\ss-irap\etrench\2final\sec-6 jan



L

system blowers. The knockout drum water pump will continue to operate after triggering the
high liquid level alarm. However, once the system blowers are shut down, the system will have

to be manually restarted.

6.8.3 Yolumetric Air Flow Rate

The system volumetric air flow rate will be measured using automatic flow indicator gauges.
There will be two such indicators as part of the system. One will be located on the dilution air
line prior to the knockout drum, and one will be located prior to the venting of the air stream
to the atmosphere. Also, flow totalizers will measure the cumulative air flow through the
dilution air line, and exiting the stack. These totalizers will provide (by determining the flow

balance) the volume of air extracted from the extraction vents.

6.8.4 System Pressure

Pressure will be measured throughout the system by in-line pressure indicator gauges. There
will be eight pressure indicators in the system, placed to monitor operating pressures and
pressure drops throughout the system. The first will be located on the dilution air line prior to
the knockout drum. The second will be located on the vapor extraction manifold inlet prior to
the dilution air line. The third will be located after the knockout drum and prior to the HEPA
filters. The fourth will be located after the HEPA filters and prior to the vacuum relief valve.
The fifth will be located after blower B-1 and prior to the GAC-1 treatment unit. The sixth will
be located after GAC-1 and prior to GAC-2. The seventh will be located after the GAC-2
treatment unit and prior to the vacuum relief valve. The eighth will be located prior to venting

the air stream to the atmosphere through the system stack.

6.8.5 Extracted Air Stream Temperature

Temperature of the extracted air stream will be measured throughout the system by in-line
temperature indicators. There will be four temperature indicator gauges in the system. The first

will be located on the dilution air line prior to the knockout drum. The second will be located
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on the vapor extraction manifold inlet prior to the dilution air line. The third will be located
after blower B-1 and prior to treatment unit GAC-1. The fourth will be located at the stack.

. In addition to these gauges, separate high temperature shutoff controls will be included on

blowers B-1 and B-2, which upon activation will automatically shut down all system blowers
(including the forced air injection blower), signal an operational warning alarm (indicating
system shutdown due to high blower temperature at the respective blower), and activate the
mobile vapor extraction pilot unit alarm beacon. Blower B-3 (the forced air injection blower)
will also include a high temperature shutoff control, however, this control will only shut down
blower B-3 while leaving blowers B-1 and B-2 in operation. In addition, the high temperature
shutoff control for blower B-3 will signal an operational warning alarm (indicating system
shutdown due to high blower temperature), and activate the mobile vapor extraction pilot unit
alarm beacon if the temperature of the blower exceeds its setpoint. Blower shutdown setpoints
will be established at temperatures specified by the blower manufacturers. Once the blowers are

shut down, they must be manually restarted.
6.8.6 Relative Humidity

The system will measure relative humidity of the air stream using in-line relative humidity
indicator gauges. There will be three relative humidity indicator gauges for the system. The
first will be located on the dilution air line prior to the knockout drum. The second will be
located on the vapor extraction manifold prior to the dilution air line. The third will be located
after blower B-1 and prior to treatment unit GAC-1. The indicators located upstream of blower
B-1 will facilitate accurate air flow rate measurements by correcting the flow rate measured to
account for moisture content (i.e., calculation of dry cubic feet of air per minute). The third
indicator will monitor the moisture entering the GAC units, and will allow the operators to
optimize system operating conditions to maximize carbon efficiency (i.e., minimize moisture

content entering the carbon treatment units).
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6.8.7 Hydrocarbon Sampling Ports

There will be three sample ports on the trailer system to allow for manually taking grab air
samples from the air flow for hydrocarbon analysis. One port will be located between blower
B-1 and treatment unit GAC-1. A second port will be located between units GAC-1 and GAC-2.
The third port will be located between unit GAC-2 and the vacuum relief valve. The sampling
ports, in conjunction with on-site analysis (discussed in Section 7), will provide near real-time

(2- to 4-hour turnaround) measurement of hydrocarbon concentrations.

6.9 CONTROL PANEL

An instrument control panel will be installed in the office/laboratory portion of the trailer. The
panel will display all pilot process variables, equipment operational status, equipment run-time
monitors, and system alarms. This "centralized" display is intended to streamline process data
collection during pilot and post-pilot operation. The control panel will also serve as the power
distribution center for the pilot unit. A single power feed from the generator will be split into

several switched sources at the control panel.

The subcontractor will submit control panel layout and wiring diagrams to EG&G. Purchase of
control panel components and panel fabrication is contingent upon EG&G approval of the
diagrams submitted. All process and control panel instrumentation and power wiring will

conform to NEC and National Equipment Manufacturer’s Association standards.

6.9.1 Process Instrumentation

Drawing No. 11 presents the specific process variables, operational signals, and system alarms
that are to be indicated on the control panel. The control panel will be installed in the
office/laboratory portion of the process trailer such that the center of. the instrument display is

at approximately eye level to an operator in a standing position.
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Electrical process measurement signals are to be conditioned and displayed in engineering units
by microprocessor-based digital indicators. All instrument signal and power wiring will be
installed neatly in the process trailer and within the control panel. Termination boards will be
installed in the control panel and used to connect all field wiring to the panel-mounted indicators.
Switched, multi-channel indicators will be used to display "like" variable measurements (e.g.,
temperatures). A selector switch will be mounted on the panel adjacent to each multi-channel
indicator. Each multi-channel indicator used will have a minimum of three spare channels
reserved for future use. It should be noted that run-time monitors and hand/off/automatic

switches will also be mounted on the control panel for each groundwater extraction pump.

Each process pressure signal will be transmitted to a dedicated panel-mounted gauge by tubing
that is compatible with the process conditions at the point of measurement. All tubing will be

installed neatly in the process trailer and within the control panel.

The subcontractor will assign tag names to each process parameter, operational signal, and
system alarm. The tag names will conform to standard Instrumentation Society of America
nomenclature. A name tag, legibly bearing the process signal tag name, will be securely affixed
to the field sensors, termination points, and panel-mounted indicators. Spare channels of multi-

channel indicators will be tagged "Spare."

The panel area dedicated to process instrumentation display shall be sized to include
approximately 30 percent "spare" space to accommodate future additions of panel-mounted

instrumentation.
6.9.2 Power

As noted above, the electric power supply line from the generator will be split into several
switched sources at the control panel. The sources will include at a minimum of five 110 VAC
and two 220 VAC switched outlets. The pahel will include a dedicated circuit breaker for each
switched power supply and will be electrically grounded. Power conditioning equipment will

be installed on the main feed to the panel. The panel will be configured such that the switched
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power outlets will be accessible from the front of the panel. Power cords will be used to
provide power from the panel to the electrical components of the vapor and ground-water

extraction systems. All power lines will be tagged with voltage and amperage specifications.
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SECTION 7
PILOT TEST OPERATIONS

.71  INTRODUCTION

This section presents the guidelines and procedures that will be followed during the pilot test
operations. This section is intended to give a general overview of the procedures. It is possible
that the identified procedures will be modified to better reflect field conditions encountered. In
the event of a deviation from these procedures, proper documentation in the field logbook will

be made to justify and explain the deviations.

The pilot test operations will be divided into the following four phases: system operations (SO)
testing, pilot testing, sustained operations, and IM/IRA operations. SO testing will ensure that
the SVE system is operating as designed prior to conducting the pilot tests. The pilot tests will
determine the range of operating conditions for various system configurations. This information
will determine the optimal operating configuration yielding the maximum contaminant removal
to be used during the sustained operationS period. A total of nine pilot tests will be performed

over a period of approximately four to six weeks.

Following the pilot testing period, sustained operations may be conducted. The decision to
conduct sustained operations will be based on the ability of the system to successfully remove
VOCs from the subsurface. Preliminary guidance for determining success is a VOC recovery
rate of at least 1 pound per 24 hours of actual operation (i.e., 24-hour operating period). This |
guidance is completely arbitrary and may be modified as data are collected during pilot testing.
The selection of 1 pound of VOCs per 24-hour operating period is discussed in Section 7.4.
Sustained operations may continue beyond the minimum 6-week period until the pilot unit is
required at another site, or until breakthrough of VOCs occurs in the lead GAC unit. In the
latter case, the lead GAC unit will be replaced, and the pilot unit will remain on standby for use
at the next pilot test site. Data collected during the sustained operations period will be evaluated
to determine the benefit of returning to the East Trenches Area pilot test site for IM/IRA
operation (final project phase). Criteria that will be used to evaluate the SVE data are discussed
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in Section 8 of this Test Plan. Final decisions regarding sustained and IM/IRA operations will
be made by the EG&G Project Manager.

7.2 SYSTEM OPERATIONS TESTING

Following connection of the aboveground equipment, SO testing procedures will be initiated to
verify the proper installation and operation of the system, to gather operating information, and
to establish the optimal operating parameters for sustained operation of the system. All
information gathered during the pilot operations will be maintained in the field logbook.

The first step of the SO testing will involve inspection of all components of the system. This
inspection will include, but not be limited to, the following equipment:

° Piping - visually examine for cracks, loose connections, and possible leaks.

o . Valves - verify proper operation.

U Blowers - follow manufacturer’s inspection procedures (i.e., check oil, belts,
etc.).

. Knockdown Drum/Demister - follow manufacturer’s inspection procedures.

o GAC Units - follow manufacturer’s inspection procedures.

o HEPA Filters - inspect filters for debris or blockage.

. Alarms/Automatic Shutdowns - check for proper operation at design settings,
follow manufacturer’s inspection procedures.

o Monitoring Equipment/Instrumentation - follow manufacturer’s inspection and
calibration procedures.

An SO test checklist will be prepared by the subcontractor performing the pilot test operations.
The checklist will be supplied to EG&G-Rocky Flats, Inc. for approval prior to SO testing. The
approved checklist will be completed during conduct of the SO test, and submitted to EG&G-
Rocky Flats, Inc, As previously mentioned, an EG&G representative must be present during

the SO test. The operations subcontractor will also provide all equipment/instrumentation
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calibration records to EG&G-Rocky Flats, Inc. along with the completed SO checklist. In
addition, the subcontractor will provide supplemental sections to the mobile vapor extraction
pilot unit operations and maintenance manual to detail the operations (gas sampling, etc.) not
covered by the manual. Prior to use of the equipment during pilot testing, an Operational
Readiness Review (ORR) will be prepared by EG&G.

Upon completion of the initial inspection, the blowers will be "bumped" to verify the proper air
flow direction. Bumping a blower involves turning the blower on briefly, with only dilution air
supplied (i.e., the dilution air valve is fully opened, while all system vents remain closed), and

checking the air flow direction.
7.3  PILOT TEST RUN OVERVIEWS

Once the system has passed the inspection, pilot tests will be performed. These tests will be of
relatively short duration and will be designed to determine the range of operating conditions that
can be achieved by various system configurations, and the optimal operating conditions for
sustained operations of the SVE system. In addition, the pilot tests will be used to estimate the
capacity and changeout requirements of the activated carbon units. The time required to conduct
the pilot tests is expected to be approximately 4 to 6 weeks. The project schedule (see
Section 9) provides for a duration of 3 months as a contingency for "setbacks.” Throughout the
course of the pilot test program, occasional system shutdowns may be required to make process
adjustments and/or to add equipment to the pilot unit to optimize its operation. As an example,
5 phase separator may be added to the process if the knockout drum effluent contains aqueous
and organic phases. The rationale for any pilot unit modifications, along with the associated
impacts ‘to the project schedule, will be discussed with the appropriate regulatory agency

representatives.

The following subsections outline the pilot tests to be performed following system SO testing.

There will be a total of nine pilot tests, and each test will include one to three discrete runs.

The nine pilot tests are listed below:
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o Pilot Test No. 1 -  Initial Vapor Treatment System Performance.

o Pilot Test No. 2 -  Alluvium System Performance.

o Pilot Test No. 3 -  Sandstone System Performance.

o Pilot Test No. 4 -  Concurrent Ground-Water Extraction and Sandstone System
Performance.

o Pilot Test No. 5 -  Concurrent Alluvium and Sandstone System Performance.

o Pilot Test No. 6 -  Alluvium Passive Air Inlet Performance.

o Pilot Test No. 7 -  Sandstone Passive Air Inlet Performance.

o Pilot Test No. 8 -  Alluvium Forced Air Inlet Performance.

o Pilot Test No. 9 -  Sandstone Forced Air Inlet Performance.

The various system configurations and minimum operating times to be employed for the pilot
tests are summarized in Table 7-1. Actual running times will be based on the time required to
achieve steady state vacuum pressure distribution in the subsurface as defined for each pilot test
in Sections 7.3.2 through 7.3.9. The pilot tests will be run until the steady state condition is
achieved. If this condition is established before the minimum operating time has expired, the

test will be continued for the minimum operating time.

The measurements made during these tests will be used to evaluate air permeability of individual
strata and to estimate the time required to reach steady state operation in each stratum. The type
and schedule for measurements is presented in Table 7-2. It should be noted that the schedule

of measurements is aggressive, and may require adjustment in the field based on available

manpower.

7.3.1 Pilot Test No. 1 - Initial Vapor Treatment System Performance

Description - Pilot Test No. 1 will evaluate the initial performance of the vapor treatment
system following startup to ensure that contaminants are not discharged to the atmosphere and

that safe operating conditions exist. In addition, Pilot Test No. 1 will provide a pressure check
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Table 7-1

Overview of Pilot Tests

Minimum
Pilot Operating Text
Test No. Purpose Configuration Time Reference
1 Evaluate performance of vapor AV1 open; SV1 vent 4 hr. 7.3.1
treatment system to ensure that no closed; supply ambient air
VOC breakthrough occurs; pressure as necessary
check system; check instrumentation.
2 Evaluate alluvium system AV1 open; SV1 vent 48 hr. 7.3.2
performance. closed; supply ambient air
as necessary.
3 Evaluate sandstone system AV1 closed; SV1 open; 48 hr. 7.3.3
performance w/o groundwater supply ambient air as
extraction. necessary.
4 Evaluate sandstone system AV1 closed; SV1 open; 16 hr. 7.3.4
performance with groundwater supply ambient air as
extraction necessary,
5 Evaluate interaction between alluvium | AV1 open; SV1 open; 16 hr. 7.3.5
and sandstone systems. supply ambient air as
necessary; groundwater
extraction based on results
of Test 4.
6-7* Evaluate passive air inlet. Use configurations from 16 hr. 7.3.6-7
Tests 2, and 3 or 4; each
opening the passive air
inlets.
8-9* Evaluate air injection Use configurations from 16 hr. 7.3.89
Tests 2, and 3 or 4; supply each
air injection.
® Pilot Test Nos. 6-9 will be configured based on the information gathered during previous tests.
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for the system under operating conditions and will verify proper operation of all vapor extraction
unit equipment and instrumentation. Measurements to be taken during Pilot Test No. 1 are

outlined in Table 7-2. Should initial stack OVA measurements read 10 relative response units

. above background, an air sample from the system stack will be immediately taken for laboratory

analysis. A field gas chromatograph (GC) will be used to perform the analysis, thus providing
real-time (2- to 4-hour turnaround) VOC measurement capability. The air sampling procedures
to be followed are further discussed in Subsection 7.5.6. Further pilot tests will be suspended
pending GC analysis of the air sample and subsequent system reevaluation. If the vapor
treatment system performance is determined to be adequate, subsequent pilot tests will be

performed.

Configuration - For Pilot Test No. 1, the alluvial extraction vent (AV1) will be fully opened
and the sandstone extraction vent (SV1) will be closed. Pilot Test No. 1 will be performed at
an AV1 vent operating pressure of 100 inches of water, as measured at AV1 itself. Dilution air
will be supplied to the system blowers as necessary. Pilot Test No. 1 will be approximately 4

hours in duration.
7.3.2 Pilot Test No. 2 - Alluvium System Performance

Description - Pilot Test No. 2 will evaluate the performance of the alluvium vapor extraction
vent (AV1) and will estimate the alluvium’s air permeability. Pilot Test No. 2 results will be
used to establish the following:

. AV1 air flow rates at varying operating pressures.

. Contaminant removal rates at AV1 with varying operating pressures.

. Radius of influences of AV1 at varying operating pressures.

o Maximum radius of influence of AV1.

o Air permeability of the alluvium.

o Time required to reach steady-state in the alluvium.
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TABLE 7-2

PILOT TEST NO. 1 - SCHEDULE OF MEASUREMENTS (1)

Measurement/Frequency
P Q T RH | Rad(2) | OVA | HC(3)

1/{4-hour) | 1id-hour) | 1/td-hour) | 1/t4-hour) | 1/(2-hour) | 1/(4-hour) | 1/{4-hour)
Location | j
AV1] X X 1 X X
| Dilution Air Line X X X X
Vapor Manifold X X X
B-1 Out X X X X X
GAC-1 Out X X X
GAC-2 Out X X X
Stack X X X X X

NOTES:

(1)- The pilot testing schedule may require adjustment in the field based on available

P-
Q-

Manpower resources.
(2) - Sampling of exhaust gas for subsequent alpha radiation measurement is

continuous. The "Rad" measurement frequency interval indicated corresponds to

benchtop measurement of the sample filter media for alpha activity.
(3) - GC samples will be collected and analyzed over the 4-hour period
(i.e., not simultaneously).

Pressure
Flow rate

T - Temperature
RH - Relative humidity (moisture content)

Rad -

Radiation

OVA - Field organic vapor analyzer
HC - Hydrocarbon sample (GC measurement)
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Pilot Test No. 2 will consist of three separate runs, with each discrete run being performed at
a different vent operating pressure. An identical series of measurements will be taken during
each run of Pilot Test No. 2 as outlined in Table 7-3. Optimal AV1 operating configuration will

be determined as the operating pressure resulting in the maximum contaminant removal rate.

Configuration - For all three runs of Pilot Test No. 2, AV1 will be opened and SV1 will be
closed. Dilution air will be supplied to the system blowers as necessary. Individual runs of
Pilot Test No. 2 will be conducted until steady-state operation is achieved (minimum of 16 hours
in duration). Steady-state operation will be defined as being attained when the last three
subsurface pressure measurements from PM probe APM3 (the PM probe farthest from AV1) are

within 5 percent of each other.

7.3.3 Pilot Test No. 3 ~ Sandstone System Performance

Description - Pilot Test No. 3 will evaluate the performance of the sandstone vapor extraction
vent (SV1) without the benefit of ground-water extraction, and will estimate the vadose
sandstone’s air permeability. However, should the ground-water table rise 30 inches or more
within SV1 during system operations, ground-water extraction will be initiated and continued
at a rate such that the depth to ground water within SV1 returns to and remains at its original
level. If necessary, ground-water will be extracted concurrently from SV1 and the sandstone

air injection vent (SI1). Pilot Test No. 3 results will be used to establish the following:

o SV1 air flow rates at varying operating pressures.

L Contaminant removal rates at SV1 with varying operating pressures.

o Radius of influences of SV1 at varying operating pressures.

. Maximum radius of influence of SV1.

o Air permeability of the vadose sandstone.

. Time required to reach steady-state in the vadose sandstone.
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TABLE 7-3

PILOT TESTS NOS. 2, 6, & 8 - SCHEDULE OF MEASUREMENTS (1)

Measurement/Frequency
P Q T RH Rad(3) OVA HC(4)

1/{4-hour) | 1{4-hour) | 1/{4-hour} | 1/(4-hour) | 1){Z-hour) | 1/{4-hour) | 1/{4-hour)
Location
AV1 X X X X
APM1(2) X
APM2(2) X
APM3(2) X
AlL(2) X
Dilution Air Line X X X X
Vapor Manifold X X X
B-1 Out X X X X X
GAC-1 Out X X X
GAC-2 Qut X X X
Stack X X X X X

The following pressures will be used during Pilot Test No. 2:

AV1 Vent Pressure ﬁ)uration

Run No. (in. H20) (Hours)
1 60 16
2 100 16
3 140 16

Pilot Test Nos. 6 & 8 will consist of single 16 hour runs, during which AV1 will be operated at its
optimal operating pressure as determined by the results of Pilot Test No. 2.

NOTES: (1)- The pilot testing schedule may require adjustment in the field based on available
manpower resources.

(2) - Pressure will be measured at 1 to 10 minute intervals during Pilot Test No. 2 to
determine air permeability.

(3) - Sampling of exhaust gas for subsequent alpha radiation measurement is
continuous. The "Rad" measurement frequency interval indicated corresponds to
benchtop measurement of the sample filter media for alpha activity.

(4) - GC samples will be collected and analyzed over each 4-hour period
(i.e., not simultaneously).

P - Pressure
Q - Flow rate
T - Temperature
RH - Relative humidity (moisture content)
Rad - Radiation
OVA - Field organic vapor analyzer
HC - Hydrocarbon sample (GC measurement)
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Pilot Test No. 3 will consist of three separate runs, with each individual run being performed
at a different vent operating pressure. An identical series of measurements will be taken during
each run of Pilot Test No. 3 as outlined in Table 7-4. The optimal operating conﬁgumﬁon will

be determined as the vent pressure resulting in the maximum contaminant removal rate.

Configuration - For all three runs of Pilot Test No. 3, SV1 will be opened and AV1 will be
closed. Ground-water will not be extracted during Pilot No. 3, unless the ground-water table
rises 30 inches or more within SV1 during system operations. Dilution air will be supplied to
the system blowers as necessary. Individual runs of Pilot Test No. 3 will be conducted until
steady-state operation is achieved (minimum of 16 hours in duration). Steady-state operation
will be defined as being attained when the last three subsurface pressure measurements from PM

probe SPM2 (the PM probe farthest from SV1) are within 5 percent of each other.

7.3.4 Pilot Test No. 4 — Concurrent Ground-Water Extraction and Sandstone System
Performance

Description - Pilot Test No. 4 will evaluate the performance of the sandstone vapor extraction
vent (SV1) with the benefit of ground-water extraction, and will evaluate the contaminant
removal contribution from the dewatered sandstone. Ground water extraction will be initiated
concurrently in SV1 and SI1 prior to system start-up at a rate of 2.0 gallons per minute (gpm)
from each well. Water levels in SV1, SI1 and PM probe SPM1 will be measured on an hourly
basis. It is important to note that the actual pumping rate will depend on the amount of water
the formation can yield. It is expected that 2.0 gpm from each well will result in a drawdown
of over 10 feet in the pumping wells. If after 24 hours the drawdown in the pumping wells is
less than 10 feet, the pumping rate may be increased at the discretion of the EG&G Project

Manager.

Once the appropriate pumping rate is determined, the well will be pumped for 24 hours. If after
24 hours the water level has not stabilized, pumping will continue until the water 1eve1 stabilizes.
Stabilization is defined as less than a 0.1 foot change in water level in SPM1 (the PM probe
nearest to SV1) per hour. Once the water level has stabilized, the vacuum pumps will be turned
on and ground-water extraction will continue.

Soil Vapor Extraction Pilot Test Plan C FINAL January 1993
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TABLE 7-4

PILOT TESTS NOS. 3, 4, 7, & 9 - SCHEDULE OF MEASUREMENTS (1)

Measurement/Frequency
P Q T RH GW Rad(3) OVA HC(4)
1/(4-hour) | 1/{4-hour) | 1{4-hour) | 1/{4-hour}) | 1/{4-hour) | 1/(2-hour) | 1/{4-hour) | 1/{4-hour)
Location
SV1 X X X X X
SPM1(2) X
SPM2(2) X
SI1(2) X X
Dilution Air Line X X X X
Vapor Manifold X X X
B-1 Out X X X X X
GAC-1 Out X X X
GAC-2 Qut X X X
Stack X X X X X

The following pressures will be used during Pilot Tests Nos. 3 & 4:

SV1 Vent Pressure Duration
Run No. (in. H20) (Hours)
1 100 16
140 16
3 180 16

Pilot Tests Nos. 7 & 9 will consist of single 16 hour runs, during which SV1 will be operated at its

optimal operating pressure as determined by the results of Pilot Test Nos. 3 & 4.

NOTES: (1)- The pilot testing schedule may require adjustment in the field based on available

manpower resources.

(2) - Pressure will be measured at 1 to 10 minute intervals during Pilot Test No. 3 to

determine air permeability.

(3) - Sampling of exhaust gas for subsequent alpha radiation measurement is
continuous. The "Rad" measurement frequency interval indicated corresponds to
benchtop measurement of the sample filter media for alpha activity.

(4) - GC samples will be collected and analyzed over each 4-hour period

(i.e., not simultaneously).

P - Pressure

Q - Flow rate

T - Temperature
RH - Relative humidity (moisture content)
GW - Groundwater level
Rad - Radiation

OVA - Field organic vapor analyzer

HC - Hydrocarbon sample (GC measurement)

Soil Vapor Extraction Pilot Test Plan ] FINAL
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Pilot Test No. 4 will be performed in an analogous manner to Pilot Test No. 3. Specifically,
Pilot Test No. 4 will consist of three separate runs performed at the same vent operating
pressures as the three runs of Pilot Test No. 3 (see Table 7-4). The measurements to be taken
during each run of Pilot Test No. 4 are identical to the measurements taken for the individual
runs during Pilot Test No. 3 (see Table 7-4). Optimal SV1 operating configuration will be
determined as the operating pressure resulting in the maximum contaminant removal rate.
Ground-water extraction will be considered beneficial should it increase contaminant removal

rates when compared with Pilot Test No. 3 results.

Three ground-water samples for laboratory analysis will be collected during Pilot Test No. 4.
The first sample will be collected after ground-water has been pumped for a 12-hour period.
The second sample will be collected following attainment of steady-state ground-water level
conditions within PM probe SPM1. The third sample of collected at the end of Pilot Test No. 4.
VOC, metal, and radionuclide analytes for ground-water analysis are summarized in Table 7-5,

7-6, and 7-7, respectively.

Configuration - For all three runs of Pilot Test No. 4, SV1 will be opened and AV1 will be
closed. Ground-water will be extracted throughout the duration of Pilot Test No. 4 from both
SV1 and SI1 at a rate such that the depth to ground-water within SV1 remains constant during
vapor extraction system operation. Dilution air will be supplied to the system blowers as
necessary. Individual runs of Pilot Test No. 4 will be conducted for a minimum of 16 hours
following attainment of steady-state ground water levels. Criteria for termination of Pilot Test
No. 4 based on attainment of steady-state pressure distribution conditions are discussed in

Section 7.3.3.

7.3.5 Pilot Test No. 5 - Concurrent Alluvium and Sandstone System Performance

Description - Pilot Test No. 5 will evaluate the interaction between AV1 and SV1 when
operated simultaneously and the resulting overall system performance. Pilot Test No. 5 will
consist of a single run, during which AV1 will be operated at its optimal operating pressure (at

the vent pressure resulting in greatest contaminant removal rate) as determined during Pilot Test
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Table 7-5

Target Compound List Volatile Organic Compounds
and Aqueous Phase Quantitation Limits

Aqueous Phase | Aqueous Phase
Analyte CAS Number RQL (ug/f)*® PQL (ug/f)*

1. Chloromethane 74-87-3 10
2. Bromomethane 75-83-9 10
3. Vinyl Chloride 75-01-4 10
4. Chloromethane 75-00-3 10
5. Methylene Chloride 75-09-2 5
6. Acetone 67-64-1 10
7. Carbon Disulfide 75-15-0 5
8. 1,1-Dichloroethene 75-35-4 5
9. 1,1-Dichloroethane 75-34-3 5 1
10. 1,2-Dichloroethene (total) 540-59-0 5 1
11. Chloroform 67-66-3 5 1
12. 1,2-Dichloroethane 107-06-2 5
13. 2-Butanone 78-93-3 10
14. 1,1,1-Trichloroethane 71-55-6 5
15. Carbon Tetrachloride 56-23-5 5
16. Vinyl Acetate 108-05-4 10
17. Bromodichloromethane 75-27-4 5
18. 1,1,2,2-Tetrachloroethane 79-34-5 5
19. 1,2-Dichloropropane 78-87-5 5
20. trans-1,3-Dichloropropene 10061-02-6 5

5
21 Trichloroethene 79-01-6 5
22, Dibromochloromethane 124-48-1 5
23. 1,1,2-Trichloroethane 79-00-5 5
24. Benzene 71-43-2 5
25. cis-1,3-Dichloropropene 10061-01-5 4
26. Bromoform 75-25-2 5
27. 2-Hexanone 591-78-6 10
28. 4-Methyl-2-pentanone 108-10-1 10
29. Tetrachloroethene 127-18-4 5 1
30. Toluene 108-88-3 5
31. Chlorobenzene 108-90-7 5
32. Ethyl Benzene 100-41-4 5
33. Styrene 100-42-5 5
34. Total Xylenes 1330-20-7 5

¢ Micrograms per liter.
b EPA Contract Laboratory Program (CLP) Required Quaatitation Limit (RQL)
¢ EPA Method 502.2 Practical Quantitation Limit (PQL)

Source:

General Radiochemistry and Routine Analytical Services Protocol (GRRASP), Revision 1.1, EG&G-Rocky

Flats, Inc., September 1990.
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Table 7-6

Metal Analytes and Aqueous Phase Detection Limits

Aqueous Phase Detection

Analyte Limit (ug/€*)
Aluminum 200
Antimony 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium 5
Calcium 5,000
Celsium 1,000
Chromium 10
Cobalt 50
Copper 25
Iron 100
Lead 5
Lithium 100
Magnesium 5,000
Manganese 15
Mercury 0.2
Molybdenum 100
Nickel 40
Potassium 5,000
Selenium 5
Silver 10
Sodium 5,000
Strontium 200
Thallium 10
Tin 200
Vanadium 50
Zinc 20

* Micrograms per liter.

Source:  General Radiochemistry and Routine Analytical Services Protocol
(GRRASP), Revision 1.1, EG&G-Rocky Flats, Inc., September

1990.

Soil Vapor Extraction Pilot Test Plan
Rocky Flats Plant, Golden, Colorado
cg&g\ss-irap\etrench\2final jan\scc-7.jan

FINAL

January 1993
Page 7-14



Table 7-7

Radionuclides and Minimum Detectable Activities

MDA
Analyte Water (pCi/€*) Soil (pCi/g®)

Gross Alpha 2 4
Gross Beta 4 10
Strontium 89,90 1 1
Plutonium 239,240 0.01 0.03
Americium 241 0.01 0.02
Tritium 400 400
Total Uranium 233/234, 235, 238 0.6 0.3

* Picocuries per liter.
b Picocuries per gram.

Source:  General Radiochemistry and Routine Analytical Services Protocol (GRRASP), Revision

1.1, EG&G-Rocky Flats, Inc., September 1990.
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No. 2. SV1 will also be operated at the optimal operating pressure as determined during Pilot
Tests Nos. 3 and 4. Ground-water will be extracted from both SI1 and SV1 if it was determined
to be either necessary during Pilot Test No. 3 or beneficial during Pilot Test No. 4.

. Measurements to be taken during Pilot Test No. 5 are outlined in Table 7-8.

Configuration - For Pilot Test No. 5, both AV1 and SV1 will be opened. Ground water may
be extracted based on the results of Pilot Tests Nos. 3 and 4. Dilution air will be supplied to
the system blowers as necessary. Pilot Test No. 5 will begin upon attainment of steady-state
water level conditions (if applicable) as defined in Section 7.3.4. Pilot Test No. 5 will be
conducted until sieady-state pressure distribution conditions are achieved (minimum of 16 hours

in duration) as defined in Sections 7.3.2 and 7.3.3.

7.3.6 Pilot Test No. 6 — Alluvium Passive Air Inlet Performance

Description — Pilot Test No. 6 will evaluate the use of the alluvium air injection vent (AIl) as
a passive air inlet and its influence on alluvium system performance. Pilot Test No. 6 will
consist of a single run, during which AV1 will be operated at its optimal operating pressure as
determined during Pilot Test No. 2. Measurements to be taken during Pilot Test No. 6 are
identical to the measurements collected for Pilot Test No. 2 (see Table 7-3). The use of All
as a passive air inlet will be considered beneficial should it increase contaminant removal rates
when compared with Pilot Test No. 2 results. If the use of AIl as a passive air inlet is
determined to be advantageous, other alluvial PM probes may be employed as passive air inlets

during the sustained operations period.

Configuration - For Pilot Test No. 6, AV1 will be opened and SV1 will be closed. AIl will
be opened to the atmosphere. Dilution air will be supplied to the system blowers as necessary.
Pilot Test No. 6 will be run for a minimum of 16 hours. If steady-state pressure distribution
conditions are not achieved after 16 hours, the test will continue until steady-state conditions,

as defined in Section 7.3.2., are achieved.
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TABLE 7-8

PILOT TEST NO. 5 - SCHEDULE OF MEASUREMENTS (1)

Measurement/Frequency
P Q T RH GW Rad(2) OVA HC(3)
1/(4-hour) | 1/{4-hour) | 1/(4-hour) | 1/{4-hour} | 1/{4-hour) | 1/{2-hour} | 1/{4-hour) | 1/{4-hour)
Location
AV1 X X X X
APM]1 X
APM2 X
APM3 X
All X
Svi X X X X X
SPM1 X
SPM2 X
SI1 X X
Dilution Air Line X X X X
Vapor Manifold X X X
B-1 Out X X X X X
GAC-1 Out . X X X
GAC-2 Out X X X
Stack X X X X X
NOTES:
(1)- The pilot testing schedule may require adjustment in the field based on available
manpower resources.

(2) - Sampling of exhaust gas for subsequent alpha radiation measurement is
continuous. The "Rad" measurement frequency interval indicated corresponds to
benchtop measurement of the sample filter media for alpha activity.

(3) - GC samples will be collected and analyzed over each 4-hour period
(i.e., not simultaneously).

P - Pressure
Q - Flow rate
T - Temperature
RH - Relative humidity (moisture content)
GW - Groundwater level
Rad - Radiation
OVA - Field organic vapor analyzer
HC - Hydrocarbon sample (GC measurement)
Soil V. ion Pi
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7.3.7 Pilot Test No. 7 - Sandstone Passive Air Inlet Performance

Description - Pilot Test No. 7 will evaluate the use of the sandstone air injection vent (SI1)
as a passive air inlet and its influence on sandstone system performance. Pilot Test No. 7 will
consist of a single run, during which SV1 will be operated at its optimal operating pressure as
determined during Pilot Tests Nos. 3 and 4. Ground water will be extracted from SV1 and SI1
if it was determined to be either necessary during Pilot Test No. 3 or beneficial during Pilot
No. 4. Measurements to be taken during Pilot Test No. 7 are identical to the measurements
collected for Pilot Test Nos. 3 and 4 (see Table 7-4). The use of SI1 as a passive air inlet will
be considered beneficial should it increase contaminant removal rates when compared with Pilot
Tests Nos. 3 and 4 results. If the use of SIl as a passive air inlet is determined to be
advantageous, other sandstone PM probes may be employed as passive air inlets during the

sustained operations period.

Configuration - For Pilot Test No. 7, SV1 will be opened and AV1 will be closed. SI1 will
be opened to the atmosphere. Ground water will or will not be extracted based on the results
of Pilot Tests Nos. 3 and 4. Dilution air will be supplied to the system blowers as necessary.
Pilot Test No. 7 will be run for a minimum of 16 hours following attainment of steady-state
ground water level conditions as defined in Section 7.3.4. If after 16 hours steady-state pressure
distribution conditions have not been achieved, as defined in Section 7.3.2, the test will continue

until steady-state conditions are established.
7.3.8 Pilot Test No. 8 - Alluvium Forced Air Inlet Performance

Descripfion - Pilot Test No. 8 will evaluate the use of the alluvium air injection vent (All) as
a forced air inlet and its influence on alluvium system performance. Pilot Test No. 8 will
consist of a single run, during which AV1 will be operated at its optimal operating pressure as
determined during Pilot Test No. 2. Measurements to be taken during Pilot Test No. 8 are
identical to the measurements collected for Pilot Test No. 2 (see Table 7-3). The use of All
as a forced air inlet will be considered beneficial should it increase contaminant removal rates

when compared with Pilot Test No. 2 results.
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Configuration - For Pilot Test No. 8, AV1 will be opened, SV1 will be closed, and AIl will
be supplied a constant flow of air from blower B-3. The constant AIl air flow rate will be
equivalent to the maximum AIl air injection rate (not to be greater than 50 percent of AV1’s
extracted air rate) which maintains APM2’s subsurface pressure at or below atmospheric
pressure. To determine AIl’s air flow rate, AIl will be supplied air from blower B-3 at varying
flow rates (in the range of 10 to 50 percent of AV1’s extracted air rate) upon commencing Pilot
Test No. 8, but prior to initiating measurements. Subsurface pressure measurements will then
be taken at APM2 to monitor that injected air is being withdrawn at AV1. If the subsurface
pressure at APM2 is greater than atmospheric pressure, the air injection rate will be decreased
until the subsurface pressure at APM2 is equal to or less than atmospheric pressure. Once a
suitable AIl air flow rate has been determined, Pilot Test No. 8 measurements will begin.
Dilution air will be supplied to the system blowers as necessary. Pilot Test No. 8 will be run
until steady-state pressure distribution conditions are achieved (16 hour minimum duration) as

defined in Section 7.3.2.

7.3.9 Pilot Test No. 9 - Sandstone Forced Air Inlet Performance

Description - Pilot Test No. 9 will evaluate the use of the sandstone air injection vent (SI1) as
a forced air inlet and its influence on sandstone system performance. Pilot Test No. 9 will
consist of a single run, during which SV1 will be operated at its optimal operating pressure as
determined during Pilot Tests Nos. 3 and 4. Ground-water will be extracted from SV1 and SI1
if it was determined to be either necessary during Pilot Test No. 3 or beneficial during Pilot Test
No. 4. Measurements to be taken during Pilot Test No. 9 are identical to the measurements
collected for Pilot Tests No. 3 and 4 (see Table 7-4). The use of SI1 as a forced air inlet will
be considered beneficial should it increase contaminant removal rates when compared with Pilot

Tests No. 3 and 4 results.

Configuration - For Pilot Test No. 9, SV1 will be opened, AV1 will be closed, and SI1 will
be supplied a constant flow of air from blower B-3. The constant SII air flow rate will be
equivalent to the maximum SI1 air injection rate (not to be greater than 50 percent of SV1’s
extracted air rate) which maintains SPM2’s subsurface pressure at or below atmospheric

pressure. To determine SI1’s air flow rate, SI1 will be supplied air from blower B-3 at varying
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influence of the vents. These critical parameters may provide valuable cost and long-term

performance information.

. The data to be collected during the sustained operations is presented in Table 7-9. The

collection of this data will utilize the same methods as identified for the pilot tests.

7.5 DATA COLLECTION PROCEDURES

This subsection provides the procedures that will be employed to monitor the operating
conditions of the system at the sampling ports provided in the vapor manifold. In-line
monitoring devices will be present in the vapor extraction unit. These procedures will be used

for the pilot tests as well as the sustained operations.
7.5.1 Static Pressure

Static pressure will be monitored using EPA Source Test Method 2 (EPA, 1988). A magnehelic
gauge will be used to measure the differential pressure across a flexible diaphragm. One side
of the diaphragm is at atmospheric pressure, and the other side is at the system pressure. The
static pressure is obtained by inserting the rigid probe end of the tubing into the sample port.
The needle deflection on the gauge, due to the movement of the diaphragm, indicates the static
pressure. Static pressure monitor will be installed upstream and downstream of the HEPA
filters. When the differential pressure across a HEPA filter is 1-inch Hg greater than the
differential pressure across a new filter (at approximately the same flow rate), the "spent” filter |
cartridge will be replaced. The mobile vapor extraction pilot unit is equipped with two HEPA
filters configured in parallel to allow for cartridge replacement without interruption of system

operation.
7.5.2 Flow Rate

The flow rate will be measured in accordance with EPA Source Test Method 2 (EPA, 1988).
The flow rate will be calculated from the velocity pressure. Specifically, the velocity pressure

will be converted to the air velocity. This is multiplied by the cross-sectional area of the pipe
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TABLE 7-9

SUSTAINED OPERATIONS - SCHEDULE OF MEASUREMENTS (1)

Measurement/Frequency
P | Q T RH GW | Rad2) | OVA HC
1/day 1/day 1/day 1/day 1/day 1/day 1/day 1/day
Location
AV1 X X X X
APM1 X
APM2 X
APM3 X
All X
SVi X X X X X
SPM1 X
SPM2 X
SI1 X | X
Dilution Air Line X X X X
Vapor Manifold X X X
B-1 Out X X X X X
GAC-1 Out- X X X
GAC-2 Out X X X
Stack X X X X X
NOTES:

(1)- The pilot testing schedule may require adjustment in the field based on available
manpower resources.

(2) - Sampling of exhaust gas for subsequent alpha radiation measurement is
continuous. The "Rad" measurement frequency interval indicated corresponds to
benchtop measurement of the sample filter media for alpha activity.

P - Pressure
Q - Flow rate
T - Temperature
RH - Relative humidity (moisture content)
GW - Groundwater level
Rad - Radiation
OVA - Field organic vapor analyzer

HC - Hydrocarbon sample (GC measurement)
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to obtain the air flow rate. The velocity pressure (also known as the dynamic pressure) is the

difference of the total pressure and the static pressure.

. 71.5.3 Temperature and Moisture

Temperature anc moisture measurements will be obtained using EPA Source Test Methods 2
and 4, respectively. A temperature probe will be inserted in the air stream, and after the
reading stabilizes the temperature will be recorded from the instrument display. Moisture
determination involves extracting a known volume of vapor from the system, condensing out

the moisture, and calculating the moisture content based on the mass balance.

7.5.4 Subsurface Static Pressure

The subsurface static pressure will be measured using the same equipment as for static pressure
measurement, except that the metal probe is not employed. The flexible tubing will be attached
to the cap of the PM probe, and the deflection of the needle on the magnehelic gauge will be

recorded.
7.5.5 Ground-Water Level

The ground-water levels in the sandstone vapor extraction vent and in the sandstone air injection
vent will be measured using a water level indicator. The water level is obtained by lowering
the probe end and associated cable of the water level indicator into the vent through the
designated port. When the water table is reached, a light is activated on the hand-held portion
of the water level indicator. The depth to ground water can then be read from the indicator

cable (readings are to be made at the sample port opening).

7.5.6 Removed Organics Concentration

The contaminant concentration measurement for the SVE system will be performed using a
monitoring instrument such as an OVA or HNu and a combustible gas indicator, and by

collecting air sarnples for on-site analysis. The monitoring instruments provide real time data
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and give results that are based on their associated calibration gas, i.e., their readings are not

compound-specific.

The air samples for on-site analysis will be collected from ports on the system using EPA
Standard Test Method 18. Method 18 allows for several sample collection methods including
integrated bag sampling, direct interface sampling, dilution interface sampling, and adsorbent
sampling. In all cases, a known quantity of air will be drawn into the collection bag or through
the collection media, and the compounds of concern are captured. All methods except absorbent
collection allow for direct injection into the GC. Method 18 describes the strengths and
weaknesses of each collection method. A determination of the most appropriate method will be
made during the system pilot tests, although integrated bag sampling or adsorbent sampling are
expected to be the most appropriate.

All air samples from the SVE system will be analyzed for TCE, PCE, chloroform, and carbon
tetrachloride. In addition, 10 percent of the samples will be analyzed for all VOCs.

Contaminant concentrations and mass removal rates will be calculated from the analytical results.

7.5.77 Radiation Measurement Operating Procedure

This subsection describes the procedures that will be used to verify that the treated vapor stream
discharged from the pilot unit is free of radionuclide-contaminated particulates. This procedure,
based on the observational approach, uses data collected early in the pilot test to develop pilot

unit operational guidance.

At the start of the first pilot test, the exhaust gas metering pump will be adjusted to deliver a
flow rate of 10 liters/min, and the valves will be manually set to direct this flow to one of the
sample tubes. After 2 hours of operation, the pressure drop across the sample filter will be
recorded in the field logbook. The sampling system valves will then be set to direct the gas flow
to the alternate sample tube. The HEPA filter from the first tube will then be removed and
immediately scanned for alpha activity with the benchtop meter (see Subsection 6.7.1). If the
alpha activity on the filter media exceeds four times the background level (alarm level), the pilot

system will be shut down. The sample filter will continue to be scanned once every 30 minutes
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for a period of no longer than 8 hours. The alpha measurements obtained at 30-minute intervals
will be recorded in the field logbook. If during the 8-hour period, the alpha radiation levels
decrease to background levels (indicating that the source of the detected alpha radiation is
natural, short-lived species, e.g., radon decay products), the vapor extraction unit will be
restarted. If after 8 hours the alpha radiation levels do not decrease to background, the HEPA
filter will be analyzed at an off-site laboratory for the presence of plutonium (Pu), americium
(Am), and uranium (U). Decisions regarding continued pilot testing and/or pilot system
modifications will be made by the EG&G Project Manager based on the species-specific
analytical results.

The pilot system shutdown procedure will be executed for the first five times the alpha alarm
level is detected on the HEPA filter media. If these five instances prove that the elevated levels
of alpha activity was due to the presence of natural species, future exceedances of the alarm
level will not be accompanied by a system shutdown. Rather, the pilot unit will be allowed to
continue to operate while the filter media is scanned to verify a short-lived decay. If the
expected decay is not observed within a 4-hour period, the shutdown procedure described above

will be executed.

In the likely event that a HEPA filter that has sampled the exhaust gas for 2 hours shows no
elevated levels of alpha activity, the sample filter will be returned to the sample tube from which
it was removed. After the alternate HEPA filter has sampled the exhaust gas for a 2-hour
period, flow will be directed to the first sample tube, and the alternate filter will be scanned for
élpha activity. This sampling and measurement sequence with the parallel tubes will be initially
repeated every hour. After the pilot unit has established a radionuclide-free exhaust gas "track
record,” .the measurement interval may be increase at the discretion of the EG&G Project
Manager. It is important to note that the parallel sample tube configuration allows continuous

sampling of the exhaust gas.

The pressure drop across the HEPA sample filters will be recorded daily in the field logbook.
If during system operation the pressure drop across a HEPA sample filter increases 1 inch of
water column above the pressure drop across the filter when it was originally placed into

service, the filter will be replaced. The spent filter will be discarded per RFP standard waste
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management operating procedures. A sample filter, spent or otherwise, will be subjected to
isotope-specific laboratory analysis only if field measurement indicates that non-shortlived

radioactive species are present.

The HEPA filters will be visually inspected on a daily basis to assess particulate loading and
filter integrity (e.g., cracks, leaks, etc). Filters will be replaced as required.

7.5.8 Air Permeability Determination

Air permeability tests (Pilot Test Nos. 2 and 3) will be conducted to determine the air
permeability at different vent pressures, and therefore allow air flow modeling. The procedures
utilized to conduct air permeability tests are described in "Guide to Conducting Treatability
Studies under CERCLA: Soil Vapor Extraction; Interim Guidance” (EPA, 1991b). The
subsurface pressure at the PM probes will be is monitored over time, holding the vent pressure
constant. By plotting the PM probe pressure as a function of time, the permeability will be
calculated based on the slope of the best-fit line.

7.5.9 GAC Capacity Estimation

The performance of the vapor-phase GAC units will be estimated based on the results obtained
throughout the duration of all nine system pilot tests. System variables, such as relative
humidity and temperature of the extracted vapor stream, will affect the performance of the GAC
units. Contaminant mass removal rates will determine the mass loading rate. GAC isotherms

for the compounds extracted will be utilized to estimate the carbon unit lifetime.

In addition to computing an estimate of GAC unit lifetime, GAC unit lifetime will also be
determined by direct measurement. The contaminant concentration data obtained from sample
ports SP-1, SP-2, and SP-3 (B-1 Out, GAC-1 Out, and GAC-2 Out, respectively) will be
analyzed for VOC breakthrough. Breakthrough will be defined as the time when the VOC
concentration exiting GAC-1 (GAC-1 Out) is 95 percent of the VOC concentration entering
GAC-1 (B-1 Out) or when any VOCs are detected exiting GAC-2 (GAC-2 Out). From this

information, the capacity of GAC-1 will be estimated (i.e., the total amount of contaminant the
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unit has adsorbed). When breakthrough occurs, GAC-1 will be removed from the system and
replaced by a new lead GAC unit. GAC-2 will be moved to become the lead GAC unit,
however, if an estimated 50 percent of its capacity has been used at the time of lead GAC unit
replacement. The new GAC unit will then be installed as the polishing GAC unit. This will
ensure that the polishing GAC unit always maintains a minimum of 50 percent of unused

adsorption capacity.
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SECTION 8
DATA EVALUATION AND REPORTING

8.1 PRESENTATION OF DATA
Field data will be reported in a concise manner during the Pilot Test and Sustained Operations
Project Phases, thereby facilitating subsequent data interpretation. The following subsections

provide guidance for the presentation and interpretation of the pilot test data.

8.1.1 Pilot System Operations

Data collected during system pilot tests will be recorded in the field logbook and/or data
collection sheets. Such data will be checked and tabulated subsequent to completion of each
pilot test. Individual data tables will be created for each series of measurements associated with

a specific vent operating pressure (pilot test runs), and will include the following information

(where applicable):
. Date, time, number, and run of pilot test.
o Duration of the test run.
o Extraction vent identification.
o Extraction vent operating pressure.
o Extraction vent air flow rates.
. Depth to ground water.
. Subsurface pressures measured at PM probes (location specified).
. Contaminant concentrations and composition of the extracted vapor stream.
o Contaminant mass removal rate.
. Cumulative mass removal.

The time of each measurement will also be incorporated into the data tables. All deviations
from expected conditions (e.g., inclement weather, ground-water table fluctuations, equipment

operations) will be noted.
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Subsurface pressures, measured at PM probes, will be plotted as a function of distance from
associated extraction vents. For Pilot Test Nos. 2 through 9, one such plot will be created for
each operating vent pressure of the individual pilot test. These plots, through curve fitting, will

provide measured radius of influence information.

For Pilot Test Nos. 2 and 3, radial subsurface pressures will be plotted versus the natural
logarithm of time as described in "Guide for Conducting Treatability Studies Under CERCLA:
Soil Vapor Extraction; Interim Guidance" (EPA, 1991b). Individual plots will be prepared for
each vent operating pressure of each pilot test for a total of three plots to be generated per pilot
test. Pilot Test No. 2 plots will include pressure data measured from APM1, APM2, APM3,
and AIl. Pilot Test No. 3 plots will include pressure data measured from SPM1, SPM2, and
SI1. ' '

8.1.2 Sustained Operations

Data collected during the sustained operations period will be recorded in the field logbook. Such
data will be tabulated subsequent to completion of each week of sustained operations. Data
tables will be created for each week of sustained operations, and will include the following

information (where applicable):

° Date and time of measurement.

o Extraction vent operating pressures.

. Extraction vent air flow rates.

o Depth to ground water.

o Subsurface pressures measured at PM probes (location specified).

. Ground-water extraction rates.

. Moisture content of the extracted vapor stream.

. Volume of water removed from the extracted vapor stream.

¢ Contaminant concentrations and composition of the extracted vapor stream.

| Contaminant mass removal rate.

o Cumulative mass removal.
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All deviations from expected conditions (e.g., inclement weather, ground-water table

fluctuations, equipment operations) will be noted.

Plots of individual vent operating pressures and flow rates versus time will be prepared at the
end of the sustained operations period. Plots of subsurface pressures versus time and versus
distance from associated extraction vents will also be prepared at the end of the sustained
operations period. In addition, plots of individual and cumulative contaminant removal rates
versus time will be prepared following each week of sustained operations. A summary of all

weekly plots will be prepared following the sustained operations period.
8.2 DATA INTERPRETATION AND ANALYSIS

The data collected during pilot operations will be used to evaluate the applicability of SVE
technology to treat subsurface contamination at T-4. In addition, such data will provide the site-
specific information necessary to support FS evaluation of SVE technology as a remedial action

alternative for subsurface contamination at the East Trenches Area.

8.2.1 Pilot System Operations

The data collected during pilot tests will show the effects of varying vent pressures, passive air
inlet, and air injection. Radius of influence, air permeability, and contaminant removal rates
are all expected to vary as these operating conditions change. During analysis of the pilot test
data, this information will be analyzed in an attempt to determine, mathematically if possible,
the effects of these operation variations. As an example, the pressure distribution equation
(previously discussed in Section 3) will be applied to determine if radial flow patterns are

achieved.

The air permeabilities of both the alluvium and the sandstone will be estimated from previously
constructed plots of subsurface pressure versus the natural logarithm of time. For example, to
estimate the air permeability of the alluvium for a given vent operating pressure, a straight line
will be fitted through the data of each PM probe in the respective Pilot Test No. 2 plot from

which the slopes and y-intercepts will be read. This information will then be used to estimate
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the permeability of the alluvium at a given vent operating pressure to air flow following
procedures outlined in "Guide for Conducting Treatability Studies Under CERCLA: Soil Vapor
Extraction; Interim Guidance" (EPA, 1991b). This procedure will then be repeated for each
vent operating pressure of Pilot Test No. 2 (total of 3 plots). This procedure will be repeated
using Pilot Test No. 3 plots to estimate the permeability of the sandstone to air flow.

Permeabilities to air flow will be reported as ranges.
The effect of sandstone dewatering will also be analyzed. The data collected during the pilot

tests will show whether dewatering is beneficial. A detailed discussion and comparison of

saturated versus unsaturated zone venting will be provided.

8.2.2 Sustained QOperations

Data obtained during sustained operations will be used to estimate the system’s projected
cumulative and individual (i.e., alluvium versus sandstone) contaminant removal rates, and the
individual radius of influences for alluvium and sandstone extraction vents. Of particular
importance will be the interpretation of weekly plots of individual and cumulative contaminant
removal rates versus time. To estimate the system’s projected contaminant removal rates, curves
(i.e., regression analysis) may be fitted to the plots of contaminant removal rates versus time.
Curves will only be fitted to mass removal rate data from the soil-vapor equilibrium point to the
end of the sustained operations period. These fitted curves will be used to predict contaminant

removal rates and residual soil concentrations as a function of treatment time.

Operating costs for the system will be prepared from data obtained during the sustained

operations period. The cost estimates will be presented as follows:

. Cost per pound of contaminant removed.

° Cost per cubic yard of soil remediated.

. Cost per volume of air extracted.
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SECTION 9
SCHEDULE

A proposed schedule for the planning and implementation of the SVE pilot test at the East
Trenches Area (i.e., IHSS No. 111.1) is presented in Table 9-1. Table 9-1 presents specific
completion dates for Subsurface IM/IRA activities leading up to the startup of the pilot unit at
THSS No. 111.1. Due to the uncertainty associated with the actual length of time that will be
required to complete the pilot test, estimated time durations are listed in lieu of specific

completion dates for activities conducted subsequent to "System Operations Testing/Begin Pilot

Testing."
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Table 9-1
Proposed Schedule
East Trenches Area Pilot Test

Subsurface IM/IRA
Operable Unit No. 2

Activity

Submit Draft Test Plan to EPA/CDH
EPA/CDH Comments on Draft Test Plan

Submit Final Test Plan to EPA/CDH and
Complete Site 1 Bid Package

Solicit and Complete Evaluation of
Subcontractor Bids/Issue Purchase Order

Finalize Subcontractor Design Drawings/
EG&G Issues Authorization to Proceed

Complete Pilot Unit Installation

Complete Inspection and System Operations Testing/
Begin Pilot Testing

Complete Pilot Study

Submit Draft Pilot Test Report to EPA/CDH"

EPA/CDH Comments on Draft Pilot Test Report

Submit Final Pilot Test Report to EPA/CDH

* Schedule assumes 80 days for turnaround of analytical laboratory data.
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Date

29 October 1992
26 November 1992

12 January 1993

09 March 1993

26 April 1993

03 August 1993

15 September 1993

13 weeks after Pilot
Study begins

24 weeks after Pilot
Study concludes

3 weeks after receipt
of Draft Test Report

4 weeks after receipt
of EPA/CDH
comments on Draft
Test Report

January 1993
Page 9-2
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APPENDIX A
ENGINEERING DRAWINGS
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APPENDIX C
SOIL BORING LOGS
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LOG OF BOREHOLE

QA BY/DATE ¢ 2-/12-90 BOREHOLE /WELL NO.
LOCATION Ro&ky Flats Plant; East Trenches Area
COORDINATES

TOTAL DEPTH__ 221.3'

DRILLER K. Parker, P. Bushkovski HELPER T. Merritt, J. Keim

8217589

GROUND SURFACE ELEVATION 5952.9'

WATER LEVEL ENCOUNTERED _48.0'

STATIC _N/A

DRILLING COMPANY Boyles Brothers DRILLING ALUID

None 0.0—75.0"; Water 75'-221.3’

DATE DRILLED _ October 17-18, 23-25,1989 CHECKED BY
DRILLING METHOD 6-75" Hollow Stem Auger, 75'-221.3 Rotory

LOGGED BY T. Lutherer, R. Morrow

(2l )

SITE MANAGER

GEOLOGIST CEARP MANAGER
COMMENTS 5-5/8" Surfoce Casing set to 75.0° on October 18, 1989 by T.A. Lutherer.
= SAMPLES COLLECTED
& N w LITHOLOGIC DESCRIPTION OR OTHER TESTS
528 |ZE PERFORMED
-

ROCKY FLATS ALLUVIUM

J+ cll"[
b ool "o}
N

°L.r;‘:*43

BB

+=5 . L 0.0-2.0' SAMPLE.
Recovered 2.0/2.0' = 100%.
5 _"&2 0.0-0.6': GRAVELLY SILT: dusky brown (5 YR 2/2);
1 Fn‘a,zq 1-4 cm broken quartzose gravel, trace fine-grained
‘;[;;é R - sand; trace clay; organics; roots; stiff; dry.
Lihn w3 0.6-2.0': GRAVELLY SILTY SAND: same as above; with
S fine to coarse-grained subrounded to subangular

quartzose sand; roots; silt; occasionally grading
to gravelly sandy clay; blackish red (5 R 2/2);
low plasticity; dry.

-0

TJ _
(R

2.0-4.0" SAMPLE.

Recovered 1.0/2.0’ = 50%.

GRAVELLY SILTY SAND: same as 0.6-2.0'; with 2.0-
2.4' moderate yellow brown (10 YR 5/4), 2.4-3-0/
grayish orange pink (5 YR 7/2).

[\)‘
AR
Pl

ik

d
4

TdTUF

;
P

4.0-6.0' SAMPLE.

Recovered 1.0/2.0' = 50%.

GRAVELLY SILTY SAND: same as 2.0-4.0’; with 2-4 cm
gravels to cobbles.

&0 .
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N
ar
i

e
of

IJIJO[
|’4

-p . -
40

ik
£

o

Jtlé[‘
q°

1
I
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o
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A

HNu Background: 0.0
OVA Background: 0.0

All readings on cuttings,
in breathing zone, on

core, and in augers: 0.0; -

unless otherwise noted
below.

TRIP BLANK SAMPLE
181017898

0.0-0.27 SAMPLE
(VOAs only)
57898R0002

2.0’ Reading in Augér
HNu: 7

0.0-3.0¢ SAMPLE
57898R0003 .

4.0-5.07 SAMPLE
(VOAs only)
57898R0O406

4.0-7.2' SAMPLE
57898R0408

.}el =
RAENS
AN

PAGE 1 OF _29




WELL NO. ___ B217589 LOG OF BOREHOLE PAGE__ 2  OF _ 28
£
o L SAMN TS eOlreTrn
£1E | 2w LITHOLOGIC DESCRIPTION OR OTHER 1ESTS
a
=
Wles |52 PERFORMED
5 4 6.0-8.0' SAMPLE,
CERT YN Recovered 1.2/2.0' = 60%, 9.0-10.0/ SAMPLE
= ;—0—: GRAVELLY SILTY SAND: grading to gravelly clayey (VOAs only)
T 5ol - sand; same as 4.0-6.0/; with brownish black (5 YR S57898R0910
| o0 @ 2/1); organics; fine- to coarse-grained subrounded
° "o | to subangular quartzose sand, 2 cm gravels to 9.0-13.0’ SAMPLE
6 _-10—0—{; L cobbles; quartzose; non to low plasticity; dry. 57898R0913
—* & Note: 8.0-9.07: Drilled with center bit. No 12.0-13.07 SAMPLE
o "2 | sample taken. (VOAs only)
a I, 5789BR1214
4- 221 - 9.0-10.0! SAMPLE.
=4 & Recovered 1.0/2.0' = 50%. 13.0-17.37 SAMPLE
s "5 | GRAVELLY SILTY SAND: grading to gravelly clayey 57898R1317
7 _.6‘3__._9 sand; same as 6.0-8.07; with light brown (5 YR
4- 2 Q:— 4 5/6) to moderate brown (5 YR 4/4).
5 s | 1 10.0-12.0’ sampLE.
- T 0 Recovered 2.0/2.0' = 100%.
S 3 - 10.0-11.3': GRAVELLY CLAYEY SAND: grading to
t_—o—;g Q:; gravelly sandy clay; same as 9.0-10.0’; with trace
o oo | to some silt; damp.
8 _E_'._s 11.3-12.0: GRAVELLY SILTY SAND: same as 6.0-8.0';
+- 1 L sith 2 . . iffs
L 2 L/ 7 cm gravels to cobbles; quartzose; stiff;
| a2 0
E-1 o o
u;L_"/ 12.0-12.07 SAMPLE,
+4- & - Recovered 1.0/2.0’ = 50%.
0 4 GRAVELLY SILTY SAND: same as 11.3-12.0’; with
e 35 | moderate brown (5 YR 4/4) and moderate orange pink
() g .4 (5 YR 8/4).
:_a o 4. }_
o0 Q|
_a° Py /T
°o__o¢° |
_‘_a ° :__/ L
oo Q_/
.42 _°
5
10 == /—
6 8 d
o T 9]
™ "'D L and
—0 & o ;
DA 4 5
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WELL NO. _B217589 LOG OF BOREHOLE PAGE 3  OF _28
El., |, SAMPLES A01ITCTTD
L Z |z, LITHOLOGIC DESCRIPTION OR OTHER TESTS
B g2| 3L  PERFORMED

13 E__;d o 14.0-16.07 SAMPLE.

o
t
S

17.

19_

T
EEo;
NN

T
|!|5|L,'1
NN
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-0 a
6 o
F""‘O
s~ o
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o 5 A L
6 8
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I
N

|
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1

i

N
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Recovered 2.0/2.0’ = 100X.

14.0-14.97: GRAVELLY CLAYEY SAND: same as 10.0-
11.37.

14.9-15.8: CLAY: yellow gray (5 Y 7/2) to grayish
yellow (5 Y B8/4); trace gravels; trace sand;
medium to high plasticity; damp to moist.
15.8-16.07: GRAVELLY CLAYEY SAND: same as 14.0-
14.97. )

16.0-18.0’ SAMPLE.

Recovered 2.0/2.0¢ = 100X%. :
16.0-17.3': GRAVELLY CLAYEY SAND: same as 15.8-
16.07.

ARAPAHOE /L ARAMIE FORMATION

17.3-18.07: SILTY CLAYSTONE: moderate yellow (5 Y
7/6) to pale vyeltow brown (10 YR 6/2);
nonstratified; traces of banding; medium to high
plasticity; occasionally very silty; grading to
clayey siltstone; damp.

18.0-20.0’ SAMPLE.

Recovered 2.0/2.0’ = 100%.

SILTY CLAYSTONE: same as 17.3-18.0’; with banding;
mottled; blocky; stiff; damp.

20.0-22.07 SAMPLE.

Recovered 2.0/2.0/ = 100%.

20.0-21.37: SILTY CLAYSTONE: same as 18.0-20.0’.
21.3-22.0¢: CLAYSTONE: with traces to some silt;
high ptasticity.

16.0-18.0/ SAMPLE
(VOAs only)
57898R1618

20.0-22.0’ SAMPLE
(VOAs only)
57898R2022
57898R2022D

17.3-22.0 SAMPLE
5789BR1722
57898R1722D

FIELD BLANK SAMPLE

5789BR1722F8




WELL NO. _B217589 LOG OF BOREHOLE PAGE__ 4 OF 29
=l w SAMPLES COLIFCTFD
2 g . LITHOLOGIC DESCRIPTION OR OTHER TESIS
i 3 52 - PERFORMED
2 =

T

T

T

22.0-24.0/ SAMPLE,

Recovered 2.0/2.0' = 100%.

SILTY CLAYSTONE: same as 18.0-20.0‘; occasionally
grading to claystone with some silt; with traces
iron staining; moist.

26.0-26.0' SAMPLE.

Recovered 2.0/2.0 = 100%.

SILTY CLAYSTONE: same as 22.0-24.0/; with moderate
brown (5 YR 4/4) to moderate brown (5 YR 3/4) to
olive gray (5 Y 4/1); iron banding; iron nodules.

26.0-28.0’ SAMPLE,

Recovered 2.0/2.07 = 100X.

SILTY CLAYSTONE: same as 24.0-26.0; with light
brownish gray (5 YR 6/1); traces very fine-grained
sand.

28.0-30.0/ SAMPLE.

Recovered 2.0/2.0¢ = 100%.

SILTY CLAYSTONE: same as 26.0-28.07; with silty
sandy claystone occasionally grading to silty
clavey sandstone; unconsolidated; very fine-
conines myugrtzose sand.




WELL NO. _ B217589 LOG OF BOREHOLE PAGE__ 5  OF _29

E

1l o W SAMPLES COLLECTED
;;E. é w | Ew LITHOLOGIC DESCRIPTION OR OTHER TESIS
BIES |5 PERFORMED

30.0-32.0/ SAMPLE.

Recovered 2.0/2.0' = 100X,

SILTY CLAYSTONE: same as 28.0-30.0’; with olive
gray (5 Y 4/1); traces to some very fine-grained
quartzose sand; well sorted; very hard;
occasionally grading to silty sandy claystone and

30_5,— "‘;/ silty clayey sandstone with very fine- to
’;;‘l;:;:::j:::j occasionally.medium-grained sand; damp.

-
i
AN

]

32.0-34.0' SAMPLE.

Recovered 2.0/2.07 = 100X.

SILTY SANDSTONE: pale yellowish orange (10 YR 8/6)
to light gray (N 7/0); predominantly very fine- to
fine-grained quartzose sand; subangular to
subrounded; moderately sorted; silty; low to
medium plasticity; damp.

II
i
1
1

34.0-36.07 SAMPLE.

Recovered 2.0/2.0/ = 100X,

SILTY CLAYEY SANDSTONE: same as 32.0-34.07; with
olive gray (5 Y &4/1); fine- to medium-, traces
coarse-grained quartzose sand.

"¢ n-38.0¢ SAMPLE. -
sored 2.0/2.0° = 100%.

“anT" SILTY CLAYSTONE: same as 34.0-36.0'; with

precominantly very fine- to fine-grained sand;

occasionally medium-grained sand; silty; medium to

high plasticity; blocky; damp.
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B217589

- SAMPLFS C011FCTED
z,, LITHOLOGIC DESCRIPTION OR OTHER 1ESTS
3= PERFORMED

Recovered 2.0/2.0’ = 100%.

38.0-39.3’: SANDY SILTY CLAYSTONE: same as 36.0-
i 38.0', i

39.3-39.47: CLAYSTONE: gray (N 4/0); blocky;
dense; high plasticity.

39.4-40.0’: SILTY SANDY CLAYSTONE: same as 36.0-
38.07; with very fine- to fine-grained sand.

N

NN

AN

N

40.0-42.0’ SAMPLE.

Recovered 2.0/2.0' = 100%.

CLAYEY SILTY SANDSTONE; pale yellowish orange (10
YR 8/0) to light gray (N 7/0) and grayish yellow
(5 Y 8/4); 2 mm banding; very fine- to fine-
grained quartzose sand; subrounded to subangular;
well to moderately sorted; trace to some silt;
trace to some clay; medium to high plasticity;
iron staining; 1-2 mm beds of silty claystone;
dark gray (N 4/0); dense; hard; damp.

R
NN

N

42.0-44 .0 SAMPLE,

Recovered 2.0/2.07 = 100%.

CLAYEY SILTY SANDSTONE: same as 40.0-42.0'; with
41.0-42.0’ dark gray (N 3/0) to medium gray (N
5/0) and light gray (N 6/0).

NN
\\\x\\\\\\\

NN

44,0-46,0' SAMPLE,

Recovered 2.0/2.0/ = 100%.

CLAYEY SILTY SANDSTONE: same as 42.0-44.07;
45.6-46.0: SANDY SILTY CLAYSTONE.
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NN

b
RRANNSRANNAN

N
OO

HH|
NN

NN\




Co
@

LOG OF BOREHOLE

PAGE __ 7 oF 29

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER TESTS

il

]

T

firm; high plasticity; wet,
50.55-52.0/: SANDSTONE: dark yellowish orange (10
YR 6/6); same as 47.5-48.07.

52.0-54.0/ SAMPLE.

Recovered 2.0/2.07 = 100%.

SANDSTONE: same as 50.55-52.0’; with light brown
(5 YR 5/6); low coarse-grained quartzose sand;
iron staining.

PERFORMED
46.0-48.0’ SAMPLE.
Recovered 2.0/2.0’ = 100%.
| 46.0-47.5': CLAYEY SILTY SANDSTONE: same as 44.0-
46.0’; with interbedded claystone; same as 39.3-
39.47.
47.5-48.0': SANDSTONE: dark yellowish orange (10
. YR 6/6) to grayish orange (10 YR 7/4);
nonstratified; fine- to medium-grained quartzose
sand; subangular to subrounded, moderately sorted;
trace silt; firm; moist.
48.0-50.0’ SAMPLE.
Recovered 2.0/2.0’ = 100%.
CLAYEY SILTY SAND: dark yellowish orange (10 YR
| 6/6); predominantly fine- to medium-grained
quartzose sand; Llocally interbedded with silty
claystone; firm to stiff; wet.
| 50.0-52.0’ SAMPLE.
Recovered 2.0/2.0’ = 100X%.
50.0-50.5’: SILTY SAND: same as 48.0-50.0/; with
light gray (N 7/0); traces to some clay; wet. v \
50.5-50.55/: CLAYSTONE: light gray (X 7/0); silty; 48.0

17589C.PJ-111589
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Ele |4 SAMPLES POLLECTFD
HEIREN LITHOLOGIC DESCRIPTION OR OTHER TESIS
Blx3 |5k PERFORMED

54.0-55.0' SAMPLE.
Recovered 0.0/1.0' = DX.

55.0-56.0’ SAMPLE.
Recovered 0.0/1.0’ = OX.

56.0-57.0' SAMPLE.

Recovered 1.0/1.0’ = 100X,

SILTY SANDSTONE: grading at times to clayey
sandstone; dark yellowish orange (10 YR 6/6) to
medium gray (N 5/0); 2 mm banding; fine- to
medium-grained quartzose sand; moderately sorted;
iron staining, silty; traces clay; medium stiff;
low plasticity; wet.

{

P—

Ll

57.0-59.0/ SAMPLE.

Recovered 1.7/2.0/ = 85X.

SILTY SANDY CLAYSTONE: same as 56.0-57.0/; with
SILTY  CLAYEY  SANDSTONE  stringers;  medium
plasticity; moist.

59.0-61.0’ SAMPLE.
Recovered 1.8/2.0’ = 90X.
TTLTY SANDY CLAYSTONE: same as 57.0-59.0’.
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Elo | SAMP E5 COLLECTFD
= |z, LITHOLOGIC DESCRIPTION OR OTHER IESTS
[a ' -«

AR * PERFORMED
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61.0-63.07 SAMPLE.

Recovered 2.0/2.0’ = 100X.

SILTY CLAYEY SANDSTONE: same as 56.0-57.0/; with
medium light gray (N 6/0), medium gray (N 5/0) to
medium dark gray (N 4/0).

63.0-65.0/ SAMPLE.
Recovered 0.7/2.0° = 35X%.
SILTY SANDY CLAYSTONE: same as 57.0-59.0’.

65.0-67.0' SAMPLE.

Recovered 2.0/2.0' = 100X.

SILTY CLAYSTONE: same as 63.0-65.0/; with traces
of fine- to medium-grained quartzose sand;
lenticular.

67.0-69.0/ SAMPLE.

Recovered 2.0/2.0’ = 100%X.

SILTY CLAYSTONE: same as 65.0-67.0/; with traces
to some sand; black (N 1/0) carbonaceous material.

i
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DEPTH (FT)

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER. IESTS
PERFORMED

69.0-70.0 SAMPLE,

Recovered 1.0/1.0’ = 100%.

SILTY CLAYSTONE: same ad 67.0-69.0/; with traces
sand.

70.0-71.0’ SAMPLE.

Recovered 1.0/1.0¢ = 100%.

SILTY CLAYSTONE: same as 69.0-70.0/; with traces
sand. '

71.0-72.0' SAMPLE.

Recovered 1.0/1.0’ = 100X.

SILTY CLAYSTONE: same as 70.0-71.0/; with wet.
71.8-72.0': SILTY SANDY CLAYSTONE: fine- to
medium-grained quartzose sand; subangular to
subrounded.

72.0-73.0/ SAMPLE.
Recovered 0.0/1.0/ = 0X%.

73.0-74.0' SAMPLE.

Recovered 1.0/1.0’ = 100%.

73.0-73.47: SILTY CLAYEY SANDSTONE: same as 61.0-
63.07., .

73.4-74.07: SILTY CLAYSTONE: same as 71.0-72.0';
with traces of sand.

74.0-75.0' SAMPLE.

Recovered 0.5/1.07 = 50%.

SILTY SANDY CLAYSTONE: same as 73.0-74.07; grading
to silty clayey sandstone. ’

Note: 75.0-76.1’: Drilled out cement.

76.1-80.3" SAMPLE.

Recovered 4.1/4.2' = 98%.

RQD: 3.49/4.1' = 85X.

CLAYSTONE: dark gray (N 3/0) to olive gray (5 Y
3/2); massive with olive black (5 Y 2/1) micro
laminations:; trace silt; moderately hard; no HClL
reaction; moist.
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E o (" © SAMMES PNLIECTTD
=l E c;fu LITHOLOGIC DESCRIFTION OR OTHER 1LSIS
D3|z PERFORMED
77 R 83.0’: Reading on core:

. - — 80.3-84.37 SAMPLE. HNu: 1.2

|~ ] Recovered 4.3/4.07 = 107.5X.

-= | RD: 3.75/4.3¢ = 87X,

SILTY CLAYSTONE: dark gray (N 3/0) to olive gray
¢5 Y 3/2) and olive black (5 Y 2/1); massive; 20X
] - = 4 silt; trace grayish orange (10 YR 7/4) siderite
718+ — - nodules snd laminations; trace organics; trace
= - = lignite to 2 mm; moderately hard; no HCl
reactions; damp.

- — = 84.3-88.37 SAMPLE.

] Recovered 3.9/4.0’ = 98X.

—_ RWD: 3.7/3.9 = 95X.

9 - — S .3-85.37: CLAYEY SILTSTONE: grayish olive green
T (5 Gv 3/2) to grayish olive (10 Y 4/2); some silt;
some carbonaceous micro laminations; slickensided.
85.3-88.3/: SILTY SARDSTONE: medium gray (N 5/0)

1 e | to medium dark gray (N 4/0); laminated; trace
T ] interbedded with sandy claystone; very fine- to
o fine-grained sand (2.5-3.5 phi); subangular;
- — subrounded; carbonaceous and fossiliferous; some
80 - — | siderite laminations and nodules; very hard; damp.
== || [
= ==
8lE == .

i
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E .
SART w SAMPLES COLECTED
= é §u LITHOLOGIC DESCRIPTION OR OTHER IESTS
G| z8 |38 PERFORMED
—_
88.3-92.37 SAMPLE.
Recovered 3.9/4.0' = 98X, 85.3-91.9/ SAMPLE
| RQD: 3.75/3.91 = 9%, : GEOTECHNICAL
SANDY SILTSTONE: dark greenish gray (5 GY 4/1); (Hydrometer Analysis)
laminations to 10 mm; olive gray (5 Y 4/1) sand 57898R8391
stringers from 90.0’ to 92.0¢; very fine- to fine-
| grained, moderately sorted; subrounded to 10% Sand
subangular; siderite stringers to 5 mm thick from 1 53% silt
91.0 to 92.3’; some carbonaceous material; 27% Clay

moderately hard; no HCL reactions; damp.

92.3-96.3;¢ SAMPLE.

Recovered 3.25/4.07 = 81X%.

RQD: 2.55/3.25' = 78A.

SILTY CLAYSTONE: greenish black (5 G 2/1) to dark
gray (N 3/0); micro laminated; silt to 20%;
yellowish gray (5 Y 7/2) to light olive brown (5Y
5/2) siderite nodules and stringers; trace
slickensides to 80° orientation; increasing
slickensides of various orientations with depth;
claystone is slightly carbonaceous; moderately
hard, some with low plasticity; no HCl reaction;
t feeghc moist to damp.
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LITHOLOGIC DESCRIPTION

SAMPLES ~OLLFCTTD
OR OTHLR IESIS
PERFORMED

96.3-100.3" SAMPLE,

Recovered &4.0/4.0’ = 100%.

ROD: 3.8/4.07 = 95X,

SILTY CLAYSTONE: olive gray (5 Y 3/2) to dark gray
(N 3/0); massive; silt to 20%; slickensides at
various orientations including vertical; trace
light olive brown siderite nodules (5 Y 5/6);
trace carbonaceous plant material; moderately
hard, no HCl reaction; damp.

100.3-104.37 SAMPLE.

Recovered 2.4/4.0' = 60%X.

RQD: 1.9/2.4' = 79%.

CLAYSTONE: olive gray (5 Y 3/2) to mediumn dark
gray (N 4/0); massive; blocky; some silt;
moderately hard; some moderate to high plasticity;
no HCl reaction; damp.
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[‘:’ o L SAMPLFS eNICCTED
=1 c;L' w LITHOLOGIC DESCRIPTION OR UTHER TESIS
AEEIEE PERFORMED
= ' 107,377 Reading on Core:
101 | — — 1 HNu: 0.8.e 'ne on tore

104.3-107.37 SAMPLE.
——— Recovered 2.9/3.07 = 97X.

i i 8 | RQD: 2.2/2.9' = T6X.

- - SILTY CLAYSTONE: olive black (5 Y 2/1) to grayish
btack (N 2/0); unstratified; silt to 35X; some
_—— carbonaceous material; moderately hard; no HCl
|- — — reaction; moist to damp.

107.3-111.3’ SAMPLE.

—_ — Recovered 4.6/4.0' = 115%.

- - = RQD: 3.6/4.6' = TBX.

— - = 107.3-110.1’: SILTY CLAYSTONE: same as 104.3-
] 107.3’; increasing silt with depth. :

- — 110.1-111.37: SILTY CLAYSTONE: greenish black (5
13- — — GY 2/1) to dark gray (N 3/0); soft sediment
- - — deformation; traceo carbonaceous laminations;
T slickensided at &45° orientation, silt to 35%;
_ = moderately hard to hard; no HCl reaction; damp.

(7

s fF ==
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WELL NO. __ B217589 LOG OF BOREHOLE PAGE __15 oF _ 29

Elo | SAMPI TS O FCTFD

| la,, LITHOLOGIC DESCRIPTION OR OTHER IESTS

B8 |58 PERFORMED
SO |w ‘

111.3-115.3/ SAMPLE,
Recovered 4.0/4.0’ = 100X,

| RQD: 3.75/4.0° = 94X.

111.3-114.27: SILTY CLAYSTONE: dark gray (N 3/0);

magsive; unlaminated; silt to 35X; slickensided at

706° orientation; trace carbonaceous material;

moderately hard, no HC! reaction; damp.

( 116.2-115.3/:  SILTY SANDSTONE: medium gray
(N 5/0); homogenecus; unlaminated; silt to 35X;

very fine-grained sand; well sorted; subangular;

quartzose; moderately hard to hard; no HCl

r reaction; damp.

115.3-119.37 SAMPLE.

Recovered 4.1/4.0’ = 102.5%X.

RQD: 3.8/4.17 = 93X.

115.3-115.6/: CLAYSTONE: medium gray (N 5/0);
predominantly homogenous; trace laminations; trace
si{t: trace siderite; firm; no HCL reaction;
moist.

115.6-119.37: SILTY CLAYSTONE AND CLAYEY
SILTSTONE: dark gray (N 3/0); massive; blocky;
silt from 35 to 35%; increasing silt with depth;
trace dusky yellow (5 Y 6/4) siderite nodules at
116.0'; moderately hard to hard; no HCl reactions;
damp.
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\

30

DEPTH
GRAPHIC

LOG
- SAMPLE

- SAMPLES eNHLICTD
LITHOLOGIC DESCRIPTION OR UTHER TESIS
v PERFORMED

TYPE

W == 119.3-123.37 SAMPLE.
o Recovered 3.2/4.0' = 80%

p

H
it

ROD: 3.2/3.2' = 100X.
SILTY CLAYSTONE AND CLAYEY SILTSTONE: same as
115.6-119.37; with dusky yellow (5 Y 6/4) siderite

I! 0

i
T
T

I
{

—-——-: nodules.
"s_E = =1 |
= = = 123.3-127.3/ SAMPLE.
] Recovered 0.15/4.0' = 3X.
— RQD: 0%.
= = | SILTY CLAYSTONE AND CLAYEY SILTSTONE; same as
== 115.6-119.37,
=
LG gt I

T
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:t-
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]
|
.l
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(R
o " SAMPLES COLLECTED
| E § " LITHOLOGIC DESCRIPTION OR OTHER 1ESTS
<< O a
<C "
D28 | & PERFORMED
125 e
- — 127.3'128.3' SAMPLE-
il Recovered 1.6/1.0’ = 160X,
S 1 L RQD: 0.6/1.6' = 38X.
SILTY CLAYSTONE: dark gray (N 3/0) to olive blac%
(5 Y 2/1); massive; blocky; slickensided to 20
o i . orientation; silt to 30X; moderately hard; no HCl
126 2 — 1 | reaction; fresh; damp.
== - 128.3-132.0/ SAMPLE.
i E— | Recovered 3.7/3.7' = 100%X.
. — RGD: 1.85/3.7' = 50X.
= CLAYSTONE: medium dark gray (N 4/0); massive; no
[ striations; blocky; some silt to 15%; moderate to
Y2 g ¥ | high plasticity; no HCL reaction; fresh, moist to
. wet.
132.0-136.37 SAMPLE.
| Recovered 1.2/4.3' = 28X.
RQD: 0.45/1.2’ = 38X.
132.0-135.57: CLAYSTONE: medium gray (N 5/0) to
medium dark gray (N 4/0); massive; blocky; trace
| siit: soft; high plasticity; no KCL reaction; wet.
131« .736.37: SILTY CLAYSTONE: olive black (5 Y
ol unstratified; blocky; sitt to 35%,
mooerately hard; fresh; no HCl reaction; damp.
- i § .
SR i ! .
M- - T4 B
e = o : '
13 — =
1758qp]
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SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPM [S FOLIECTED
OR OTHER {ESTS
PERFORMED

134 —

135 — =

137

138 |

139

140

136.3-138.3' SAMPLE.

Recovered 3.3/2.0' = 165%.
RQD: 0.7/3.3’ = 21X.
SILTY CLAYSTONE: same as 132.0-136.3’.

138.3-142.3/ SAMPLE.

Recovered 3.0/4.0' = 75X.

RQD: 0.5/3.0’ = 16X.

SILTY CLAYSTONE: dark gray (N 3/0); homogeneous;
blocky to fissile; silt to 20%X; predominantly low
plasticity; trace highly plastic; no HCL reaction;

fresh; damp.
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WELL NO. __ B217589 PAGE_ 19 OF 29
Ele | SAMPLES COLLECTED
AERER LITHOLOGIC DESCRIPTION OR OTHER TESIS
Py 5 S 5 % PERFORMED
=

142_

143

144 ]

145

146 _|

142.3-146 3’ SAMPLE,

Recovered 0.0/4.0' = 0X.

166.3-147.37 SAMPLE,

Recovered 1.6/1.07 = 160%

RQD: 0.0/1.6’ = OX.

CLAYEY SILTSTONE: dark gray (N 3/0); massive;
blocky in part; clay to 35%; trace black (N8 1/0)
carbonaceous laminations; moderately hard; no HCL
reactions; low plasticity; fresh; damp.

147.3-151.37 SAMPLE
Recovered 0.0/4.0¢ = 0%.
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Ele |y SAMPLES (OLLECTED
& |2w LITHOLOGIC DESCRIPTION OR OTHER. TESTS
R158 |58 PERFORMED

151.3-153.3’ SAMPLE.

Recovered 0.85/2.07 = 42X%.

RQD: 0.0/0.85’ = OX.

. CLAYSTONE: dark gray (N 3/0); massive; blocky in
L —— part; unstratified; trace to some silt; trace
— - siderite nodules; moderate to high plasticity; no

150 = -4 | HCL reaction; fresh; damp.
Mgl 153.3-155.37 SAMPLE.

o Recovered 4.7/2.0¢ = 235X%.

== RQD: 3.2/4.7' = 6B%L.

SANDY SILTSTONE: dark gray (N 3/0); massive;
grades to silty sandstone with depth; no
laminations or striations; trace clay; sand to 35-
45%; very fine-grained ; well sorted; subangular;
quartzose; well cemented; hard to very hard; no
HCl reaction; fresh; damp.

151 |

- — — 155.3-159.3/ SAMPLE.

- - = Recovered 3.7/4.0' = 93%

RGD: 3.7/3.7' = 100%.

— — A SANDY SILTSTONE: medium dark gray (N 4/0) to dark
1521 — —] gray (N 3/0); massive; no laminations; trace sand
- - = +a %% -tay trace to 10%; predominantly sand to
is very fine-grained; well sorted;
N — . =-. guartzose, well cemented; moderate to
- — - very narg; no HCl reaction; fresh; damp.
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Elo |4 SAMMES CNLIECTED
El E §u LITHOLOGIC DESCRIPTION OR OFHER TESIS

% g § 2 &L: PERFORMED

160

161

158 |

159 |

T

162 |

164

I

|
T

159.3-163.3/ SAMPLE.

Recovered 2.35/4.0’ = 58.5%.

RQD: 0.0/4.0' = OX.

SILTY CLAYSTONE: dark gray (N 3/0) to grayish
black (N 2/0); massive; no striations or
teminations; blocky in part; silt teo 25%;
moderately hard to hard; low to moderate
plasticity; no HCL reaction; fresh; damp.

163.3-167.37 SAMPLE.

Recovered 4.3/4.0 = 108X.

RQD: 3.65/4.3' = 85X.

CLAYEY SILTSTONE: dark gray (N 3/0); mottled with
medium dark gray (N 4/0) in part; 10-12 mm
laminations in part; clay to 20X; some siderite
nodules (15%) at 167.0’; trace siderite nodules
throughout; hard; fresh; damp.
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;"»
e |y SAMPLFS COHECTED
£ |2w LITHOLOGIC DESCRIPTION OR OTHER IESIS
a
165 == 167.3-171.37 SAMPLE.
== Recovered 2.0/4.0' = 50%.
£== | Rep: 1.05/2.0¢ = 53%.

CLAYSTONE: grayish black (N 2/0); massive; trace
silt to 10X; some Light gray (N 7/0) to yellowish

] gray (5 Y 7/2) siderite nodules and laminations to
166 [ = —1 | 30 mm; trace carbonaceous laminations to 2 mm;
hard; no HCl reactions; fresh; non plastic; damp.

171.3-173.3/ SAMPLE.

| Recovered 3.75/2.0' = 185X,

RQD: 3.05/3.75' = 81X.

CARBONACEOUS CLAYSTONE: dark gray (N 3/0);
massive; trace silt; some yellowish gray 5Y7/2)

87 — =1 | siderite nodules and laminations; hard to very
] hard; no HCl reactions; fresh; damp.
w8 = o i
]
[ —
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e
R g SAMPLES CQILECTID
g é [ LITHOLOGIC DESCRIPTION OR UIHER TESTS
o a :
<

Sl ESES | PERFORMED
7 e 173.3-177.3¢ SAMPLE,

——— Recovered 0.4/4.0' = 10X.

— — — RaD: 0.0/0.4’ = OX.

S CARBONACEOUS CLAYSTONE: same as 171.3-173.3'; with

——a— trace carbonaceous material in core.
=== 177.3-178.3¢ SAMPLE.

e Recovered 2.35/1.0° = 235X,

——— RQD: 0.4/2.35' = 17X.

e SILTY CLAYSTONE: grayish black (N 2/0); massive to

i blocky; silt to 30%; trace yellowish gray (5 Y

= | 7/2) siderite nodules; trace carbonaceous streaks;

b moderately hard to hard; non plastic; no HCl

— reactions; damp.
S =

e 178.3-182.3' SAMPLE.

e e— Recovered 4.25/4.0’ = 106X.

e — RQD: 4.15/4.25' = 98X.

_— CLAYEY SILTSTONE AND SILTY SANDSTONE: medium dark

e gray (N 4/0) to olive gray (5 Y 3/2); unlaminated;

B thinly interbedded with silty sandstone; clay to

] 20%; trace siderite nodules; very fine-grained
176 ==l sand; well sorted; subangular to subrounded;

Ee1 wusrrzose; well cemented; hard; no HCl reaction;

———

S
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“lo |y SAMPIFS 01 FETTD
ZlE . |2w LITHOLOGIC DESCRIPTION OR OTHER IESIS
Bl 28| EE PERFORMED

182.3-186.3¢ SAMPLE.

Recovered 4.47/4.0' = 112X.

ROD: 4.47/4.47' = 100%. :

CLAYEY SANDY SILTSTONE AND SILTY SANDSTONE: dark
gray (N 3/0) to medium dark gray (N 4/0);
interbedded; clay to 20%; sand to 20X; trace
slickensides to 70 orientation; silty sandstone
has silt to 20%; very fine- to fine-grained sand;
well sorted; subangular to subrounded; quartzose;
very hard; fresh; damp.

186.3-190.3’ SAMPLE.
Recovered 4.0/4.0' = 100X.
ROD: 3.87/4.0’ = 97X.

183 == SILTY SANDSTONE AND SANDY SILTSTONE: interbedded;
] some clay; some siderite nodules and laminations;
- —— trace to some carbonaceous material and fossils;
— very fine-grained sand; well sorted; subangular to
_;':_ | subrounded; quartzose; well cemented; very to
— extremely hard; weak HCL reaction; fresh; grades
= - " to predominantly siltstone with depth; damp.
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SAMPLE
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LITHOLOGIC DESCRIPTION

SAMPLES COILECTFD
-‘OR OTHER TESTS
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I,

1

|
I,

|
|
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|
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|
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w3 - —1

04 T

T

190.3-194.3/ SAMPLE.

Recovered 3.8/4.0' = 95X,

RQD: 3.75/3.8’ = 99%.

SANDY SILTSTONE: dark gray (N 3/0) to medium dark
gray (N 4/0); some soft sediment deformation;
taminated with carbonaceous material and siderite;
trace slickensides to 70 orientation; trace to
some yellowish gray (5 Y 7/2) siderite nodules;
trace carbonaceous plant material; trace clay to
10%; very fine-grained sand; well sorted;
subrounded; well cemented; very to extremely hard;
no HCl reaction; damp.

194.3-198.3" SAMPLE.

Recovered 4.0/4.0' = 100%.

RQD: 3.75/4.07 = 94X.

SILTY SANDSTONE: medium dark gray (N 4/0) and
olive gray (5 Y 4/1) some carbonaceous
laminations; trace slickensides; some fossils and
carbonaceous plant material; silt to 35%; some
clay to 18%; very fine-grained sand; trace fine-
grained; well sorted; subangular to subrounded;
guartzose; very to extremely hard; no HCL
=~ :rtions; damp.

g .
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Elo o  SAMPLFS COLITETTD
=l |2, LITHOLOGIC DESCRIPTION OR OTHER TESIS
o]l <o | ZEa

BlssS a6 PERFORMED

198.3-202.3/ SAMPLE.

Recovered 4.05/4.0' = 101X,

RQD: 3.9/4.05' = 96X.

SANDY SILTSTONE AND SILTY SANDSTONE: medium dark
gray (N 4/0) and dark gray (N 3/0); thinly
interbedded; soft sediment deformations; trace

198 [~ T | siderite and carbonaceous laminations; trace
- siderite fracture fill; trace to some carbonaceous
e plant material; very fine-grained sand; well
—_ sorted: subrounded; quartzose; well cemented; very
1 | hard; no HCl reactions; damp.
M 202.3-206.3/ SAMPLE.
| Recovered 4.2/4.0’ = 105%.
199 [ T} | RaD: 3.3/4.2' = 79%.
. SILTY CLAYSTONE: medium dark gray (N 4/0) to dark
[ gray (N 3/0); trace brownish black (5 YR 2/1);
] massive; trace fractures; some slickensides at
1 | various orientations; silt to 20X; trace lignite
] in fractures; trace carbonaceous material; trace
- — siderite nodules; moderately hard; low to moderate
— plasticity; no HCl reactions; damp.
o i
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[
Tle |uw SAMPLFS COI{TETTD
- —d
D&_ ; &\, LITHOLOGIC DESCRIP NON OR OMHER TESIS
o a
=
Sl 28|35  PERFORMED
205 =77 206.3-210.3/ SAMPLE.
—_ = Recovered 2.85/4.0' = 71X,
£ == RQD: 2.35/2.85' = 82%.
) CLAYSTONE: dark gray (N 3/0); massive; blocky;
b= —— trace carbonaceous plgnt material; trace silt;
== trace slickensides at 0° orientation; soft, no HCl
06 Z =1 reactions; moist.
Mipyllinllly 210.3-213.3' SAMPLE,
= Recovered 2.65/3.0’ = 88X.
I—/4 RQD: 1.95/2.65' = 74X.
— 210.3-212.5’: CLAYSTONE: dark gray (N 3/0) to
—_ - olive gray (5 Y 4/1); massive; blocky; trace gilt
- — to 5%; moderately hard; no HCl reaction; damp.
07 — L 212.5-213.37: CARBONACEOUS CLAYSTONE: brownish
] black (5 YR 2/1); blocky; no laminations; some
. — tignite; soft; brittle; no HCl reactions; damp.
208" — T4
097 T
20— — 4
M — =1
[
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25 |

216 |

W T

28 [ :

e —l

219 [=

[l
+

220]

213.3-216.37 SAMPLE,

Recovered 4.45/3.07 = 148X.

RQD: 3.87/4.45' = B7X.

213.3-214.5': CARBONACEOUS SILTY, CLAYSTONE: same
as 212.5-213.3’ with silt to 20X.

214.5-216.3': SANDSTONE: dark greenish gray (5 G
4/1) massive; trace silt; trace carbonaceous
material; some clay to 15%- clay decreases with
depth; very fine- to fine-grained sand; well
sorted; subrounded; glauconitic; very hard; no HCl
locatlon, damp to moist.

216.3-220.3' SAMPLE.

Recovered 2.75/4.0' = 69X,

RQD: 2.75/2.75' = 100%.

216.3-218.87: SILTY SANDSTONE: greenish gray (5 G
6/1) to dark greenish gray (5 G &4/1); massive;
soft sediment deformation structures; silt to 25X;
some clay to 15X; trace carbonaceous plant
material; trace siderite nodules at 218.5/; very
fine- to fine-grained sand; well sorted;
subrounded; quartzose; very hard; no HCl
reactions.

218 #2220, 3" SILTY SANDY CLAYSTONE: dark greenish
gra “1+ massive; silt to 20%X; sand to 25X;
very ‘Giovooan fme gramed sand; hard- no HCl
reactions; damp.

220.3-221.37 SAMPLE.
Recovered 1.95/1.0 = 195%.

RQD: 1.1/1.95' = S56X.

SILTY CLAYSTONE: dark gray (N 3/0) to greenish
black (5 GY 2/1); massive; trace pale yellowish
orange (10 YR 8/6) siderite nodules; silt to 20%X;
trace carbonaceous material; some sand; very fine-
grained sand; poorly sorted; subrounded; quartzose
moderately hard to hard; no HCl reaction; damp.
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Director, Environmental Science & Engineering Project Manager

QUALITY ASSURANCE ADDENDUM

This Appendix consists of the Quality Assurance Addendum (QAA) for the Pilot Test Plan for Soil
Vapor Extraction (SVE) Technology Subsurface Interim Measures Interim Remedial Action for the_East
Trenches Area {Operable Unit No. 2). This QAA supplements the "Rocky Flats Plant Site-Wide Quality
Assurance Project Plan for CERCLA Remedial Investigation/Feasibility Studies and RCRA Facility
investigations/Corrective Measures Studies Activities" (QAPjP). This QAA establishes the site-specific
Quality Assurance (QA)} controls applicable to the investigation activities described in the ISV

Technology Pilot Test Plan.

The previous SVE Pilot Test Plan described the performance specifications for design and construction
of the SVE pilot system that will be tested in the alluvium at a site near IHSS No. 111.1, also known
as Trench T-4, which is located within the boundary of Operable Unit No. 2 {OU2). This Pilot Test Plan
is part of the Subsurface Interim Measures/Interim Remedial Action (IM/IRA) Plan for the removal of
volatile organic compound (VOC) contamination from areas within OU2. SVE offers an alternative to
conventional excavation, treatment, and disposal approach for remediation of soils contaminated with
VOCs. SVE removes VOCs from the subsurface by drawing air through vadose zone strata pore
spaces to extraction vents connected to a blower system that draws the VOC laden air to the surface
where it is treated prior to discharge to the atmosphere. Preliminary results from the Phase Il RFI/RI
at OU2 indicate the presence of VOCs that are amenable to treatment by SVE (i.e., relatively low
molecular weight compounds with Henry’s law constants greater than 0.01). Preliminary site

characterization results for the East Trenches Area were discussed in Section 2.1 of the SVE Pilot Test

Plan.
Soil Vapor Extraction Pilot Test Plan . - FINAL January 18983
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D.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G Rocky Fliats and the Environmental Restoration (ER) Management
Organization responsible for implementing the ER Program activities at the DOE Rocky Flats Plant {RFP)
is presented in Section 1.0 of ‘the QAPjP. Functional responsibilities are also described in Section 1.0

of the (QAPjP).

The project-specific organization chart for the SVE Pilot Test at Trench T-4 will be prepared when the

project subcontractors are identified.
D.2 QUALITY ASSURANCE PROGRAM

The QAPjP was written to address QA controls and requirements for impiementing ER Program
activities, as required by the RFP Interagency Agreement ({IAG). The content of the QAPjP was driven
by Department of Energy (DOE) Order 5400.1, the RFP QA Manual (RF QAM), and the IAG. DOE
5400.1 and the RF QAM both require a QA program to be impiemented based on American Society
of Mechanical Engineers (ASME) NQA-1, "Quality Assurance Requirements for Nuclear Facilities.” The
IAG specifies development of a QAPjP in accordance with the Environmental Protection Agency (EPA)
QAMS-005/80, "Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans."”
The 18-element format of NQA-1 was selected as the basis for both the QAPjP and subsequent QAAs
with the applicable elements of QAMS-005/80 incorporated where appropriate. Figure 2-1 of Section
2.0 of the QAPjP illustrates where the 16 QA elements of QAMS-005/80 are integrated into the QAPjP
and also into this QAA. Section 2.0 of the QAPjP also identifies other DOE Orders and QA

requirements documents to which the QAPjP and this QAA are responsive.

The controls and requirements addressed in the QAPjP are applicable to SVE pilot testing activities,
unless specified otherwise in this QAA. Where site-wide actions are applicable to SVE activities, the
applicable section of the QAPjP is referenced in this QAA. This QAA addresses additional and
site/project-specific QA controls and requirements that are applicable to the SVE pilot testing activities
to be conducted at Trench T-4 that may not have been addressed on a site-wide basis in the QAPjP,
Many of the QA requirements specific to the SVE pilot testing are addressed in the SVE Technology

Pilot Test Plan and are referenced in this QAA.

Jeanuary 1993
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D.2.1 Training

The minimum personnel qualification and training requirements that are applicable to EG&G and
subcontractor staff for RFP ER Program activities are addressed in Section 2.0 of the QAPjP.

All EG&G and subcontractor staff working on SVE Pilot Test Plan for the East Trenches Area shall be
trained in the EG&G Rocky Flats EM Operating Procedures, SVE Operational Procedures, and laboratory
analytical procedures that are applicable to their assigned tasks. In addition to procedures training,
EG&G and subcontractor personnel shall receive training on the requirements of the QAPjP and the IVS
Technology Pilot Test Plan for the East Trenches Area (including this QAA). This training must be
recorded, with verifiable documentation of training submitted to the EG&G Project Manager prior to
implementing the SVE pilot testing activities described in the SVE Pilot Test Plan. EG&G and
subcontractor personnel shall also be qualified to perform the tasks they have been assigned.
Personnel qualifications must be documentéd, with documentation of qualifications verified by the
EG&G Project Manager in accordance with EM administrative procedure 3-21000-ADM-02.02,

Personnel Qualifications.
D.2.2 Quality Assurance Reports to Management

A QA summary report will be prepared annually or at the conclusion of the SVE Pilot Test Plan
activities (whichever is more frequent) by the EG&G QA Manager. This report will include a summary
of field operation and sampling oversight inspections, laboratory assessments, surveillance, and a

report on data verification/validation results.
D.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS

D.3.1 Design Control

The SVE Pilot Test Plan for the East Trenches Area describes the general design considerations for
implementing the SVE technology, outlines construction specification and performance requirements
for the pilot SVE system (including vapor extraction vents, air injection vents, ground-water extraction
wells, pressure monitoring probes, and vapor manifolds}, summarizes site preparaﬁons for system

installation, describes construction specifications and performance requirements for the vapor

January 1993
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- extraction unit, and summarizes the pilot system test operations. As such, the SVE Pilot Test Plan is

considered the environmental investigation control plan for SVE technology testing at Trench T-4.
D.3.2 Data Quality Objectives

The development of Data Quality Objectives (DQOs) for the SVE technology testing at Trench T-4 was
presented in Section 2.3 of the Pilot Test Plan. Data quality is typically measured in terms of precision,
accuracy, representativeness, comparability, and completeness (also referred to as PARCC parameters).
Precision, accuracy, and completeness are quantitative measures of data quality, while
representativeness and comparability are qualitative statements that express the degree to which
sample data represent actual conditions and describe the confidence of one data set to another. These
parameters are defined in Appendix A of the QAPjP. Environmental samples to be collected and
analyzed to provide measurement data associated with the SVE treatment system include pre-testing
subsurface soil samples and air samples from the vapor extraction unit. Objectives measures for
precision, accuracy, and completeness for vapor extraction unit air sample analyses were established
in Section 2.3 of the SVE Test Plan. |

Soil samples will be collected from the borings advanced for the installation of the pilot unit wells.
These soil samples will be analyzed to provide information on VOC and radionuclide contaminant
concentrations of the subsurface soils at the wells. Analytical methodology yieiding Level 1V data will
be used for analysis of the soil samples (i.e., analytical protocols that are equivalent to EPA Contract
Laboratory Program methods and procedures). The objectives for precision and accuracy for the

analytes of interest will be as specified in Appendix B of the QAPjP (i.e., method-specific historical ‘
objectives for precision and accuracy}. The objective for completeness for soil sample laboratory

analyses is 90%.

D.3.3 Sampling l.ocations and Sampling Procedures
The SVE system consists of the following components:

¢ 1 alluvium extraction vent

¢ 1 alluvium forced air injection vent

Jenuary 1993
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¢ 1 sandstone extraction vent and ground-water extraction well

¢ 1 sandstone forced air injection vent and ground-water extraction well
¢ 3 alluvium pressure monitoring probes

e 2 sandstone pressure monitoring probes, and

e 1 vapor extraction unit

The extraction and injection vents and pressure monitoring (PM) probes will be installed in boreholes
drilled with a hollow stem auger, according to EM Operating Procedures 5-21000-OPS-GT.2, Drilling
and Sampling Using Hollow-Stem Auger Techniques. Hole depth and diameter specifications were
established in Section 4 of the SVE Test Plan. Undisturbed soil cores will be collected continuously
during drilling. Soil cores will be described according to EM Operating Procedure 5-21000-OPS-GT.1,
Logging Alluvial and Bedrock Material. Soil core samples collected at 5, 10, and 15 feet will be
collected according to OPS-GT.2, composited, and submitted to a laboratory for radionuclide analyses.
The three soil .core samples collected from the vapor extraction wells that display the highest organic
vapor readings (as obtained according to 5-21000-0OPS-F0Q.15, Use of PIDs and FIDs) will be forwarded

to an off-site analytical laboratory for VOC analyses.

Air samples will be collected from three sample ports installed in the vapor extraction unit. The vapor
extraction unit is described in Section 6 of the SVE Pilot Test Plan and the sample port locations are
described in Section 6.7.7. Samples will be collected according to a sampling procedure to be

developed following EPA Standard Test Method 18.

Additional EM Operating Procedures and to be developed SVE Vapor Extraction Unit Operational
procedures that are applicable to the SVE pilot testing described in the SVE Pilot Test Plan are listed

in Table D-1.
D.3.4 Analytical Procedures

VOCs in soil samples will be quantified according to EPA analytical method 8240. Soil samples will
be analyzed for radionuclide activity levels according to methods specified in Part B of the EGRG
General Radiochemistry and Routine Analytical Services Protocaol (GRRASP). All laboratory analyses

will adhere to procedures specified in Parts A and B of the GRRASP.
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TABLE D-1
EM Operating Procedures and .S 9
ISV Activities \§\\§ (& A
For Which They Are Applicable *‘5\50 A3 ::,; $ S0 AT
o 186 &5/ J /EE& X
S/ES/E/ & /85 fed
(LSS5 & [8°/58
EM Operating Procedures ST [FF [EL /) & O /SF
FO.01 | Air Monitoring & Dust Control ] ) e
FO.02 | Transmittal of QA Records ® ® ® L 4
FO.03 | General Equipment Decon. ® ®
FO.04 | Heavy Equipment Decon. ] L
FO.05 | Handiing of Purge and Development Water ®
FO.06 | Handling PPE ® @ ® ® ®
FO.07 | Handling of Decon. Woter & Wash Waoter ® ® ®
FO.08 | Handling of Drilling Fluids and Cuttings ® o
FO.10 | Receiving, Labeling, and Handling Environmental Containers e ®
FO.11 | Field Communications ® L ® ® ®
FO.12 | Decon. Facility Operations [ J ®
FO.13 | Containerizing, Preserving, Handling & Shipping Somples ® ® ®
F0.15 | PID's and FID's e
FO.18 | Environmental Sample Radioactivity Content Screening ®
FO.19 | Buse Laboratory Work ®
GT.02 | Driling & Sompling Using Hollow Stem Auger Techniques [ [ ®
GT.05 | Plugging and Abandonment of Boreholes ® ®
GW.02 | Well Development ' ®
TBD | Compositing Soil Samples e
18D | Air Permeability Measurement L
TBD | Static Pressure Monitoring ' ®
TBD |Flow Rate Measurements' ®
18D | Air Flow Temperature ! ®
TBD | Air Flow Moisture ! ®
TBD Subsurface Stotic Air Pressure L
TBD | Extraction Air Sampling?2 e e
T8D Handling of Spent Granular Activated Carbon ®
TBD = To Be Developed (i.e., SOP, written instruction, or scientific notebook).
! Source for these procecdures is EPA Source Method. 2
2 Source for this procedure is EPA Standard Test Method 18
Pocky Fuats s Gokdon Corrae FAL Januery 1903
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Data will be collected during the test runs and operation of the vapor extraction unit according to data
collection procedures described in Section 7.4 of the SVE Pilot Test Plan. Air samples collected from
the three air sample collection ports will be analyzed using an on-site portable gas chromatograph. In
addition to instaliation of HEPA filters in the vapor extraction unit, an in-line, real-time alpha radiation

monitor will be installed and connected to an alarm/system shutdown.
D.3.5 Equipment Decontamination

Sampling equipment that is used at more than one location shall be decontaminated between sampling
locations in accordance with OPS-FO.03, General Equipment Decontamination. Other equipment (e.qg.,
truck mounted auger) potentially contaminated during drilling and/or sampling shall be decontaminated

as specified in OPS-F0O.04, Heavy Equipment Decontamination.
D.3.6 Quality Control

Field sampling quality control will consist of: collection of field duplicate samples (for both air and soil
analyses) at the rate of 1 per 20 samples (or for soil samples, at least one duplicate sample will be
collected for analysis); replicate analysis of 1 in 20 air samples; and preparation and analysis of an
equipment rinsate blank for every 20 soil samples collected (or at least one rinsate blank if 20 soil
samples are not collected). Notwithstanding the QA sample schedule just presented, the number of
field duplicates and replicates that will be collected will be limited to one each per day. Analytical
laboratory QC for soil sample analyses shall be as specified in the GRRASP. A laboratory control

sample shall be analyzed at the rate of 1 in 10 air samples.
D.3.7 Quality Assurance Monitoring

To assure the overall quality of the soil and air sampling and analysis activities associated with the SVE
pilot testing at Trench T-4, field oversight inspections will be conducted during sampling and analysis

activities.

Jenuery 1883
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D.3.8 Data Reduction, Validation, and Reporting

Data evaluation and reporting requirements for field and laboratory data are discussed in Section 8 of

the SVE Pilot Test Plan.

D.4 PROCUREMENT DOCUMENT CONTROL

Procurement documents for items and services, including services for conducting field sampling and
analysis, shall be prepared, handled, and controlled in accordance with the requirements and methods

specified in Section 4.0 of the QAPjP.
D.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The SVE Pilot Test Plan for the East Trenches Area describes the field sampling, operational testing
and monitoring, and analyses activities to be performed. The SVE Pilot Test Plan will be reviewed and
approved in accordance with the requirements for instructions, procedures, and drawings outlined in

Section 5.0 of the QAPjP.

Existing EM Operating Procedures and vapor extraction unit operational monitoring and sampling
procedures are identified in Table D-1. Vapor extraction operational monitoring procedures identified
as "TBD,"” and any other, quality-affecting procedures proposed for use but not identified in Table D-1
will be developed and approved as required by Section 5.0 of the QAPjP prior to performing the

affected activity.

Changes and variances to approved operating procedures and the SVE Pilot Test Plan shall be
documented through preparation of Document Change Notices (DCNs), which will be prepared,

reviewed, and approved in accordance with requirements specified in Section 5.0 of the QAPjP.

In addition to the general specifications for the vapor extraction unit described in Séction 6.2 of the
SVE Pilot Test Plan, design submittals for the vapor extraction unit will be prepared and submitted to

the EG&G Project Manager in accordance with Section 5 of the QAPjP. The submittals shall include:

o Manufacturer's drawing for each major component

Januery 1883
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e Detailed construction drawings
¢ Operating and maintenance manuals for major components and equipment

¢ Operating and Maintenance manual for the full system
D.6 DOCUMENT CONTROL

The following documents will be controlied in accordance with Section 6.0 of the QAPjP:

. Pilot Test Plan for In Situ Volatilization Technology for the Subsurface interim
Maasures/Interim Remedial Action at the East Trenches Area (Operable Unit 2),

including appendices.

. "Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA Remedial
Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective Measures

Studies Activities” {QAPjP) '

. EM Operating Procedures and Vapor Extraction Unit Operational procedures (all

operating procedures specified in the SVE Pilot Test Plan and this QAA).
D.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Subcontractors that provide services to support the SVE pilot testing program activities will be selected
and evaluated as outlined in Section 7.0 of the QAPjP. This includes pre-award evaluation/audit of
proposed subcontractors as well as periodic assessment of the acceptability of contractor performance
during the program. Any items or materials that are purchased for use during the pre-test sampling
and SVE system installation, testing, and operation that have the ability to affect the quality of the

data should be inspected upon receipt.
D.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA

Soil and air samples shall be identified and handled, containerized, shipped, and stored in accordance
with EM Operating Procedure 5-21000-OPS-FO.13, Containerizing, Preserving, Handling, and Shipping
of Samples, and Sections 4.8 and 7.4 of the SVE Pilot Test Plan.

January 1993
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Sample identification and chain-of-custody will be maintained through the application of OPS-FO.13
and Section 8.0 of the QAPjP.

D.9 CONTROL OF PROCESSES

The overall processes of collecting and analyzing samples require control. The processes are controlled

by adhering to the SVE Pilot Test Plan and the sampling and analytical procedures referenced.

The Vapor extraction unit process of the SVE system is described in Section 6 of the SVE Pilot Test
Plan, including equipment and performance specifications. Any deviations from performance
specifications identified in Section 6 of the SVE Pilot Test Plan must be documented per Section 15
of the QAPjP and EM Administrative Procedure 3-21000-ADM-15.01, Control of Nonconforming Items
and Activities. Section 6 of the SVE Pilot Test Plan also includes a description of the process

monitoring and control instrumentation of the vapor extraction unit.

D.10 INSPECTION

Following installation of the SVE system and connection of the aboveground equiprhent, a system
shakedown inspection shall be conducted according to the requirements of Section 10.0 of the QAPjP.
The system shakedown inspection will include the items and equipment identified in Section 7.2.1 of
the SVE Pilot Test Plan. The system shakedown inspection shall be documented on an Inspection
checklist developed specifically for this inspection and shall be conducted prior to the system startup

test runs.

D.11 TEST CONTROL

A series of nine startup system tests shall be conducted of the SVE system. These tests are designed
to determine the range of operating conditions that can be achieved by varigus system configurations,
and to select the optimal operating conditions for sustained operations of the SVE system. The startup
tests are described in Section 7.2.2 and summarized in Table 7-1 of the SVE Pilot Test Plan. The
operational parameters and schedule of measurements to be taken during each of the startup tests are

identified in Table 7-2 through 7-5 of the SVE Pilot Test Plan.
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D.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE)

The GC used to analyze air samples should have a file that contains:

. Specific model and instrument serial number
. Operating instructions
. Routine preventative maintenance procedures, including a list of critical spare parts to

be provided or available in the field
. Calibration methods, frequency, and description of the calibration solutions

. Standardization procedures (traceability to nationally recognized standards)

D.13 HANDLING, STORAGE, AND SHIPPING

Samples shall be packaged, transported, and stored in accordance with EM Operating Procedure 5-

21000-OPS-FO.13.

D.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The status of the system shakedown inspection, the system startup tests, and sustained operations

shall be documented according to the requirements of Section 14.0 of the QAPjP and Section 8 of the

SVE Pilot Test Plan.

D.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and disposition of nonconforming items,
samples, and data will be implemented as specified in Section 15.0 of the QAPjP. Nonconformances
identified by the implementing contractor(s} shall be submitted to EG&G for processing as outlined in

the QAPjP and EM Administrative Procedure 3-21000-ADM-15.01.
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D.16 CORRECTIVE ACTION

The requirements for the identification, documentation, and verification of corrective actions for
conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP. Conditions
adverse to quality identified by the implementing contractor shall be documented and submitted to

EG&G for processing as outlined in the QAPjP.
D.17 QUALITY ASSURANCE RECORDS

Field QA records will be controlled in accordance with OPS-FO.02, Field Document Control. QA
records to be generated during pre-test sampling and SVE system installation, inspection, testing, and

operations are identified in referenced operating procedures and Section 8 of the IVS Test Plan.
D.18 QUALITY VERIFICATION

The requirements for the verification of quality shall be implemented as specified previously in Section

D.3.7 of this Appendix.

A Readiness Review shall be conducted by the QAPM prior to implementing the field sampling,
inspection, testing, and operating activities described in ;the SVE Pilot Test Plan. The readiness review
will determine if all activity prerequisites have been met that are required to begin work. The

applicable requirements of the QAPjP, the IVS Pilot Test Plan, and this QAA will be addressed.

D.19 SOFTWARE CONTROL

The requirements for the control of software are not applicable to the SVE testing activities to be

performed at Trench T-4.
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N N

Total
Total
Total
Total

.
]
|

RFP ISV - AVl - 6" PIPE

SYSTEM CONFIGURATION

DROP (in.

ft. of 6 in. ID Pipe at 600 cfm 0.315
4 in. 90 degree Elbows at 600 cfm 2.192
6 in. 90 degree Elbows at 600 cfm 0.764
6 in. Butterfly Valves at 600 cfm 0.573
Reducers at 600 cfm 0.733

6 X 4 in.

pressure
pressure
pressure
pressure

TOTAL PRESSURE

drop
drop
drop
drop

DROP

through Straight Pipes
through 90 degree Elbows
through Butterfly Valves
through Reducers

THROUGHOUT THE SYSTEM

Ref: Crane’s Handbook, Chapter 3.

INDIVIDUAL PRESSURE

water)

207(7

GROUP PRESSURE
DROP (in.water)

0.315
2.956
0.573°
0.733

4.577



RFP ISV - AVl - 4" PIPE

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE

DROP (in. water)
13 ft. of 4 in. ID Pipe at 600 cfm 2.713
3 4 in. 90 degree Elbows at 600 cfm 6.576
1 4 in. Butterfly Valves at 600 cfm 3.288

Total pressure drop through Straight Pipes
Total pressure drop through 90 degree Elbows
Total pressure drop through Butterfly Valves

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM

Ref: Crane’s Handbook, Chapter 3.

L
|
!

3ofF 7

GROUP PRESSURE
DROP (in.water)

2.713
6.576
3.288

12.577
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. RFP ISV - SV1 - 6" PIPE

l SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE
DROP (in. water) DROP (in.water)

ft. of 6 in. ID Pipe at 600 cfm 0.218
4 in. 90 degree Elbows at 600 cfm 2.192
6 in. Butterfly Valves at 600 cfm 0.573

-
RO

l 6 X 4 in. Reducers at 600 cfm 0.733
Total pressure drop through Straight Pipes 0.218
Total pressure drop through 90 degree Elbows ) 2.192
Total pressure drop through Butterfly Valves 0.573
Total pressure drop through Reducers 0.733
l TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 3.716

l Ref: Crane’s Handbook, Chapter 3.

-
[}
}



i Sof 7
l RFP ISV - SV1 - 4" PIPE
. SYS;I‘EM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE
DROP (in. water) DROP (in.water)
' 9 ft. of 4 in. ID Pipe at 600 cfm 1.878
1 4 in. 90 degree Elbows at 600 cfm 2.192
1 4 in. Butterfly Valves at 600 cfm 3.288
Total pressure drop through Straight Pipes : 1.878
lTotal pressure drop through 90 degree Elbows 2.192
Total pressure drop through Butterfly Valves _ 3.288
TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 7.358

Ref: Crane’s Handbcok, Chapter 3.



b of 7

RFP ISV - TOTAL - 6" PIPE

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE
DROP (in. water) DROP (in.water)
1 ft. of 6 in. ID Pipe at 600 cfm 0.024
8 ft. of 6 in. ID Pipe at 240 cfm 0.031
12 ft. of 6 in. ID Pipe at 360 cfm 0.105
1 4 in. 90 degree Elbows at 240 cfm 0.351 -
1 4 in. 90 degree Elbows at 360 cfm 0.789
2 6 in. 90 degree Elbows at 360 cfm 0.275
1 6 in. Butterfly Valves at 240 cfm 0.092
1 6 in. Butterfly Valves at 360 cfm 0.206
1 6 X 4 in. Reducers at 240 cfm 0.117
1 6 X 4 in. Reducers at 360 cfm 0.264
Total pressure drop through Straight Pipes 0.160
lTotal pressure drop through 90 degree Elbows 1.415
Total pressure drop through Butterfly Valves 0.298
lTotal pressure drop through Reducers 0.381
l TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM ’ 2.254

l Ref: Crane'’'s Handbook, Chapter 3.

—



SYSTEM CONFIGURATION

HFHWHR ®R
¥

Total
Total
Total

|
3
2

RFP ISV - TOTAL - 4" PIPE

INDIVIDUAL PRESSURE
DROP (in. water)

ft. of 4 in. ID Pipe at 600 cfm 0.209
ft. of 4 in. ID Pipe at 240 cfm 0.267
ft. of 4 in. ID Pipe at 360 cfm 0.902

4 in. 90 degree Elbows at 240 cfm 0.351
4 in. 90 degree Elbows at 360 cfm 2.367
4 in. Butterfly Valves at 240 cfm 0.526
4 in. Butterfly Valves at 360 cfm 1.184

pressure drop through Straight Pipes
pressure drop through 90 degree Elbows
pressure drop through Butterfly Valves

PRESSURE DROP THROUGHOUT THE SYSTEM

Ref: Crane’s Handboock, Chapter 3.

70t 7

GROUP PRESSURE
DROP (in.water)

1.377
2.718
1.710

5.805
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l 3ot b
16 R GROUND-WATER HYDRAULICS
TaBLE 5.—Values of W(u) for values of u between 107" and 9.9
- {From Ferris, Knowles, Brown, a2d Stallman (1962, p. 96)]
% . -
I N\\ Nxi0 Nxio% NXIW NXIom NXIo-i NXI0-h NX104 NX104 NXI0- Nxio4 Nx10 NX104 Nxies NXioes Nt N .
1.0 310618 - BLEN0 M.3564 ET.058 247513 224488 901460 17.8435 155409 132083 109357 8.6332 6335 4.0379 1829 0214
11 338662 31537 , 20,9811 269385 24 655 223503 20.0507 177482 15445 131430 10.804 85379 6.2363 3 MU L7371 1860
1’2 337792 . BLAt6? (' M 174l 98716 PLO669 22,2663 19.0637 17.6611 153586 13.0560 10.7534 8.4500 61494 38576 1.6305 .1584
13 33692 313066 . 20.0040 26,7014 34.4880 22 1863 19.8837 17.581) 152785 129759 10.6734 .8.3700 ' 60605 37785  1.5889 .1385
L4 336251 SIA87S 30.0199 C BTITS 244147 2112 108096 17.5070 152044 129018 105003 82968 69955 3703 1.5l .1162
15 33551 319535 - 289500  26.6483 24 3458 220432 19.7406 17.43%0 151354 128328 105303 82278 59266 3.634 L4645 L1000
16 33.4v16 -31.1890 | 968864 < DO.4838 .34 W12 219788 19.6760 17.3735 700 12,7683 104657 §.1634 5.8621 3. 5730  1.4002 08631
L7 ¥4 311383 288258 966233 247006 219180 19.6154 17.3138 150103 327077 10.4051. . 8.1027 . £8016 3.5143 13578 07465
US 353788~ 300712 ° . JMCT086: 7T -20.4000 01634 31,8608 19.5583 17.2557 14.9531 12.6505 10.3479 80455 A 7446  3.481  1.2080 06471
LY 333197 BLOITL 275 984119 341004 21.8068 19.5042 17.2016 148900 12 3064 79015 R6008 34050 1.26490 .
20 33.26%  30.9658 M 632 96,2607 O4.0081 217555 194529 17.1503 14.8477 125451 10.2426  7.0402 5634 33547 12277 .O4BX0
21 33796 B0.9170 3N 6145 36,3119 24.0063 21,7067 194041 171015 14.7080 124064 10.1938  7.8014 B.807 3.2069 1189 04261
22 1781 0.8MS  MWETH MW DUES 2602 19.3576 17050 147U 12408 10.MT3 T840 5 M 32614 11454 03719
23 3312% 3052 - WS(S 76,2209 3.9183 216157 193131 17.0106 14.7080 124054 10.1028  7.8004 V& 4800 32170 11w .
24 30561 $0.7835 284800  26.1783 238768 216732 16,9630 14.665¢ 123628 100603 7.7579 —& 4578 31763  1.0762 0244
25 WK N.TT W0l B1375 BRMY 2. K1 16,9272 14646 123220 100194 7.71727..5.4167 3.1365  1.043 0291
26 33000  30.7035 - 28.4000 26,0083 23.7957 21.403] 19.1905 16.8880 14.5854 122828 0.9802 7.6770 83776 3.0983 1.0139 02185
27 329%a 30,6657 383631 260606 237580 21.455¢ 10.1528 168502 145478 122450 9.9M425  7.6401 8300  3.0615 9 01918
25 329318 30,6294 283268 260242 237216 214190 10.1164 16.8138 14.5113 122087 9.9061  7.6038 8.2087  3.0261 9573 01686
29  32M68  JN.5M3  TWIT . 250691 236865 P1.3639 10.08I3 16.7788 14.4762 121736  9.5710  7.5687 8387 29020 01482
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ONAN CORPORATION
GenSize 2
Version 1.25

Project Name: (ROCKY FLATS ISV)
File Name: RFP2

Project Parameters

Duty...ceeeeennnas : Stationary Prime
Voltage........... : 277/480 Y
Frequency........ .t 60

Max. Temp. Rise...: 105

Max. VDIP%........ : 22

Max. Altitude.....: 5100

Altitude Scale....: Feet

Max. Amb. Temp....: 100
Temperature Scale.: Fahrenheit
Cooling System....: Radiator
Fuel Type....cc.c.. : Diesel

Load Number: 1 Load Type: Motor HP Entry Phase: 3
Load Name: (15) Output HP: 15
Comment: (BLOWER B-1)
SKwW: SKVA: SKVAR: SPF: RKW: RKVA: RKVAR: RPF:
. 44.3 90.0 78.4 0.49 12.9 14.7 7.0 0.88
l Load Number: 2 Load Type: Motor HP Entry Phase: 3
~foad—-Name: (25) Output HP: 25
Comment: (BLOWER B-2)
. SKW: SKVA: SKVAR: SPF: RKW: RKVA: RKVAR: RPF:
66.0 150.0 134.7 0.44 21.3 24.0 11.0 0.89
l Load Number: 3 Load Type: Motor HP Entry Phase: 3
Load Name: (10) Output HP: 10
Comment: (BLOWER B-3)
SKW: SKVA: SKVAR: SPF: RKW: RKVA: RKVAR: RPF:
l 36.3 68.0 57.5 0.53 8.7 10.0 5.0 0.87
Load Number: 4 Load Type: Resistive Phase: 1
Load Name: (GENERAL) Input KW: 16.5
Comment: (ALL OTHER EQUIPMENT)
SKW: SKVA: SKVAR: SPF: RKW: RKVA: RKVAR: RPF:



Step Sequence/Load

Step Number: 1 Surge KW: 110 Surge SKVA:

Step Name: START NEGATIVE PRESSURE
Comment: B-1 AND B-2
Load # Qty SKW SKVA SKVAR SPF

1 1 44 .3 90.0 78.4 0.49

2 1 66.0 150.0 134.7 0.44
Step Total: 110.3 240.0 213.1 0.46
Step Number: 2 Surge KW: 71 Surge SKVA:
Step Name: AIR INJECTION

Comment:
Load # Qty SIKW SKVA SKVAR SPF

3 1 36.3 68.0 57.5 0.53
Step Total: 36.3 68.0 57.5 0.53

—— — — T — — —— — ——— G A S 5 . G . T T D T T W - — — - — —————————— — . T T S — ——— — T T — — — G - . - —

Step Number: 3 Surge KW: 59 Surge SKVA:

Step Name: OTHER

Comment:
Load # Qty SIKW SKVA SKVAR SPF
4 1 16.5 16.5 0.0 1.00
Step Total: 16.5 16.5 0.0 1.00

240

1.00

RKVAR RPF
7.0 0.88
11.0 0.89
18.1 0.88
RKVAR RPF
5.0 0.87
5.0 0.87
RKVAR RPF
0.0 1.00
0.0 1.00



l ONAN CORPORATION GENSIZE 2

--RUNNTIN G-===== | ==——= M A X----S U R G E--At Specified Voltage---
KW KVA PF KW Occurs in Step KVA Occurs in Step
‘ i 65 0.91 110 1 240 1
Recommended GenSet GenSet Voltage: 208-240/416-480
Model: 125DGEA Alternator Temp. Rise
Nominal KW Duty Specified Voltage Freq. Specified Recommended
. 113 Prime 277/480 Y 60 105 105

When operated at 5100 Feet Altitude

and 100 degrees F Ambient the

operating performance is:

* GenSet selected with one GenSet. *

Max1mum Voltage Freq. Excitation
Dip Dip

Onan Corporation has developed this GenSize 2

computer program to help you, the engineer, with a
generator set selection. The recommendations are based
upon your input of the genset requirements and typical
performance data published by NEMA and other agencies.

. Due to changing load and site conditions beyond our
control, we cannot be certain the selection of a genset
- based upon the recommendation of this computer program
will meet the site requirements. Therefore, nothing in
I this program may be construed as a warranty. You must
decide for yourself or consult with your local Cummins/Onan
distributor that the generator set selected is sufficient
l for your intended purpose. Each Onan Corporation generator
set is covered by an express written warranty which is in
lieu of of all other warranties, expressed or implied.

Please consult with your Cummins/Onan distributor
representative in your area for further information.
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MANAGERS DESIGNERS CONSULTANTS

CLIENT/SUBJECT EGat G —Roc ko Flc("Sl Tac - W.0.NO. _20629-37-0|
TASK DESCRIPTION SVE _ Plet Test flan TASKNO. 130
PREPARED BY mc DEPT _6Y99__ DATE _) 2/30/43 APPROVED BY

MATH CHECK BY DEPT DATE M. _Kress (by Phaace

DATE IQ/ 3/[9:_

METHOD REV. BY DEPT DATE DEPT

Purpese: Estimate Mmass o‘F VOCs . rccwr/fc/
N per 24 heurs  of S\I_E, vuak
oPeration  correspondiay o an @ucrase
ol Cant f«'\\fn‘(’lof\ ' "F- . ’O Ff‘m \/

V"LC‘H«oi? : fv(ea( ,54;_ 6’7 ua‘h"'» of 5‘!"0{? '

é_SSJA hv\:‘s s ‘

5\)& Ofﬁfg ‘hoq c‘“ Po/qmc ‘&"Cfs : : ;
.fL . 3 .
Q= Pracess Volor oo = ?oo A % /Mm
I T = ’—7‘32000 P(?/,J..
T = Nofor dempPerabare '—‘ 60'F" A
| L = 5"’.’20‘/( |
lD. = Ffoces; \Ja cuwan v f""i? : 15 m' 9 C\tocaum)
» : ,’1 ‘t 1’\ . H? (Q éSb,u""C)

C“"S"‘A'{'S GﬂJ C“n'{am r\k—\‘\' r/JCf'\\\ JQ"_‘\

R = um\JCfSc.‘ g4 3 (QAS(’I,‘{' : : Q/ 85— N\ HS' ‘F+3
- : 6"\613’ &

mw Avcra7¢ melec uler vdclcjla‘{'

of cely, Tece, ad f€ = 1499 lbn

AYG

QC.SuH'S : : . e

10 ppmy  of VOCs 1 extracked  UsAs cortesfoncls
to 4.32 4 7/alc\1 ofF Yol o besed o~
Q= 433,000 13y, SN0 U OO SN N B 5



MANAGERS DESIGNERS/CONSULTANTS

SHEET_ X of _ <

CLIENT/SUBJECT Egv G~ fockn F{ah, Tac W.0.NO. _R629-372-0/
TASK DESCRIPTION TASKNO. 0130
PREPARED BY Ame DEPT __619 DATE [2/36/42 APPROVED BY
MATH CHECK BY DEPT DATE M. kress (g Phane
METHOD REV. BY DEPT DATE DEPT DATE 12/3//32
PV= n T (Tdal Geas ,E;,uaﬁ-a of 54“""‘)
ne ey - 94 (133 g4 oFNOCy /ey
T (R-95 ot ﬁ’) ( 520 are)
i Tends T
n = 0.00567 lbmols of NoCs
: O’a~1
M = mass of NoCs rftqﬁﬂ“fel | F(" D‘[qv‘ "
= N » M\«JM& |
= 0.605b 77 Hu\-.ls QF Ndoc ¥* "'{? /ém\ .........
d’“l Ié:qa.ls
= O. 84 16 of YOC3 i
Jm,

L SVE plek

£00

1S GSS\AM?‘J

‘('&3//"\\/\.

O approximetely L 1ba FNOCs foley

LU ——

unit 'S o(es\o)ncJ te c?f'rvc%C wp 'f‘b
300 4% /an  of achaal Alom

ﬁr '(L\.j Ca/Cu’c\‘hOA,
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Appendix F

Rocky Flats Plant Standard Operating
Procedures Applicable to the
Subsurface IM/IRA Pilot Test Program



l Procedure No. - Title
. FO.03 General Equipment Decontamination
FO.04 Heavy Equipment Decontamination
FO.05 Handling of Purged and Developed Water
' FO.06 Handling of Decontamination Water and Wash Water
FO.07 Handling of Personal Protective Equipment
FO.08 Handling of Drilling Fluids and Cuttings
I FO.09 Handling of Residual Samples
FO.12 Decontamination Facility Operations
FO.13 Containerizing, Preserving, Handling and Shipping of Soil and Water Samples
l FO.15 Photoionization Detectors (PID) and Flare Ionization Detectors (FID)
FO.17 Land Surveying
FO.18 Environmental Sampling Radioactivity Content Screening
' GT.01 Logging Alluvial and Bedrock Material
GT.02 Drilling and Sampling Using Hollow Stem Auger Techniques
GT.03 Isolating Bedrock from Alluvium with Grouted Surface Casing
l GW.02 Well Development
' In Situ Volatilization Pilot Test Plan o INTERIM DRAFT ' October 1992
Rocky Flats Plant, Golden, Colorado ) APPENDIX F

cg&g\ss-irap\etrenchiidraft\list. oct
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